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CHAPTER I 
INIRODUCTION 
Early investigations with heart tissues were concerned 
with differentiation, aging and relation to healing of wounds 
~ vivo. Burrows (10) applied early tissue culture methods to 
the growth of tissues from warm-blooded vertebrates tor the 
purpose of studying the healing of ~ounds and regeneration of 
nerves. He cultured the first heart tissue from 60-hour old 
chick embryos. The pieces ot heart were placed in a drop of 
plasma on coverslips sealed to hollow slides. The original 
explant and the outgrowths from it were observed to contract 
rhythmically. In 1912, Burrows (12) improved the technique for 
growing tissue explant.. A continuous culture chamber was de-
vised which allowed the addition of fresh medium and removal of 
old medium without disturbing the tissue explant. Although the 
heart cultures were still grown in plasma clots on coverslips, 
adult chicken serum was used as the growth medium. In comparing 
the ordinary hansing drop type of culture in plasma with the 
new culture method, Burrows observed active growth and regular 
1 
2 
beating of chick heart explants for 30 days using the new 
technique (11). In the hanging drop method, the active growth 
and regular beating stopped after 3 to 4 days. Although grad-
ual growth and intermittent beating occurred after this time, 
all activity ceased after 10 to 18 days unless the fragment of 
tissue was transferred to a fresh coverslip with plasma. 
Carrel (lS) investigated the growth of various tissues, includ-
ing heart, from chick embryos of different ages. The purpose 
of his investigation was to determine what conditions were 
necessary for the indefinite growth of tissue in vitro. Carrel 
studied three basic techniques. All of these employed the 
hanging drop method in plasma. In the first technique, the 
fragment of tissue was cut away from the coagulated plasma, 
washed with Ringer's solution at room temperature and put in 
a new medium which consisted of one to two parts of distilled 
water and three parts of plasma. To this was then added a drop 
of embryo or muscle extract. The second technique alternated 
two phases - one of active growth in plasma in the incubator 
and one of no activity in Ringer's solution in the refrigerator. 
The third technique alternated passages from plasma to serum 
at incubator temperature. In this method, a piece of silk veil 
---
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was placed on a coverslip and a drop of plasma was added. 
Tissue was placed in the center of the silk veil and the cover-
slip was sealed to a hollow ground slide and incubated. After 
a few days the silk veil, which contained the tissue fragment, 
was removed and placed in a tube containing homologous serum 
and again placed in the incubator. Growth in plasma and serum 
was alternated. One of the major problems at this time was 
contamination. 
In 1912, Carrel started an explant culture of heart from 
a seven-dAy-old chick embryo. The piece of heart beat for 
104 days. After two years the heart explant was growing active-
ly and had undergone 358 passages (16). Ten years after the 
initiation of this explant, it had undergone 1860 passages and 
60 cultures had been derived from it. The cultures were fibro-
blastic and each fragment doubled its volume in 48 hours (29). 
Besides the initial problem of cultivating tissues indefinitely, 
some biological problems were studied. Fibrinogen was substi-
tuted for the plasma. Carrel's tissue strain was also used as 
an index for the growth promoting abilities of substances con-
tained in ''humors''. In this study, it was found that embryonic 
extract possessed a factor which increased cell multiplication. 
4 
It was also found that adult serum had an inhibitory effect on 
cell multiplication, which increased with the age of the ani-
mals. Carrel's strain of chick heart was cultivated success-
fully for 34 years (93). There has been a question raised as 
to whether Carrel's strain was being constantly reseeded with 
fresh cells from the embryo extract used for medium (159). 
Hogue (57) grew a-day-old embryonic chick heart in a 
liquid medium of Tyrode solution, Locke-Lewis solution and 
embryonic extract. The explants beat rapidly for the first 
day or two and then the rate of contraction gradually decreased 
or stopped. 
Cavanaugh (17) employed the use of trypsin to grow dis-
sociated chick heart cells. After trypsinization, the cells 
were resuspended in 10% embryo extract. A drop of cell sus-
pension was added to a coverslip to which was then added an 
equal volume of a 1:1 mixture of plasma and Tyrode's solution. 
The isolated cells began to beat within IS minutes after seeding 
In comparing isolated cells from the atrium and from the ven-
tricle, it was found that atrial cells had an average rate of 
1.61 pulsations per second whereas ventrical cells had a rate 
of 0.90 pulsations per second. Each cell beat with its own 
---
frequency until formation of ... a network of cells, when the 
pulse rate became synchronous. 
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Rumery et ale (119) also studied pulsation of cultured 
chick heart. The cells were dispersed with trypsin and grown 
in a plasma clot. The medium employed was two part s of chick 
embryo extract25 to one ot Hank's solution. They studied the 
relationship between the formation ot myofibrillae and the 
onset of contraction and concluded that contractions in heart 
cells did not begin until the myofibrils became striated. 
The growth ot chick heart tibroblasts in protein-free 
media has been investigated (5). The media employed were serum 
ultraiiltrates from horse and chicken, a dialysate from chick 
embryo ext ract and White t s synthet ic medium. The chick heart 
explants, grown in Carrel flasks, showed no growth in any of 
these protein-tree media. 
Since the first eftorts of Burrows to grow chick heart in 
a simple plasma elot-hanging drop technique, more refined 
methods of tissue culture have been employed in attempts to 
grow chick heart in continuous cell culture rather than as an 
explant culture. Prier and Sullivan (105) established a strain 
from a pool of 45 chick embryo hearts. The cell culture was 
fibroblastic in appearance but after the first five passages 
6 
changed to an epithelial type. The original fibroblast cells 
did not support the growth of poliovirus whereas the epithelial 
cells did. After attempts with 99 chick hearts, Melendez and 
Hanson (83) established a cell strain which had survived 28 
passages. Of the 99 attempts, 97 did not grow beyond the tenth 
passage and one did not grow beyond the thirteenth passage. 
Chromosome analysis on the established cell strain showed the 
cells had an apparent diploid number for the chicken (Gallus 
domesticus). The authors were able to preserve the cells by 
freezing. 
Schneider et ale (129) have established two strains of 
chick embryo hearts. One strain, CHll' was passaged 41 times, 
the other strain, CHl6 • was passaged 28 times. They found it 
necessary to use unfiltered fetal bovine serum tor growth of 
the cells. Also, the addition of 0.1% methylcellulose to the 
trypsin was necessary for isolation of the cells. A disposable 
plastic hood was devised to prevent cross-contamination with 
other cell lines. The heart cells were successfully frozen at 
-170 C and were shown to be of avian origin by chromosome analy 
sis. Pulsations were observed in the cells for the first 21 
days of culture. 
p:z 
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In addition to chick heart, various types o~ other heart 
tissue have been grown as explant or cell cultures. These in-
clude rat, monkey, human, rabbit and guinea pig. Goss (39) 
observed the contraction o~ rat embryo heart in explant culture. 
The medium employed for growth was composed o~ rat plasma and 
embryo extract. A continuous line of rat heart (JTC-4) has 
been established (143). It was initiated in primary CUltivation 
as an explant culture o~ heart s from 2-day old rat s. The ex-
plants were prepared by mincing with scissors and embedding the 
~ragments in a plasma clot in tubes and bottles. The cell 
culture method, using trypsiniiation, was employed ~ter the 
second passage. For early growth the culture medium employed 
was 30J6 bovine serum, 51£ chick embryo extract and 651£ Eagle's 
synthetic medium or a conbination o~ O.S~ lactalbumin hydroly-
sate and O.~ yeast extract in Hank's 9Olution (LYH-solution). 
After the tenth passage the medium was changed to 2~ bovine 
serum pl~s 8~ LYH-solution. During primary CUltivation the 
cells were predominantly epithelial but by the 25th transfer 
the culture had become fibroblast-like in appearance. The JTC-4 
cells have been in continuous CUltivation for more than two 
years and have been transferred 60 times. The susceptibility 
8 
of these cells to the three types of poliovirus was studied. 
No cytopathic effect was observed and although poliovirus sur-
vived for 20 to 30 days in these cells, there was a gradual 
decrease in titer with no multiplication. 
A continuously propagating cell line derived from trypsin-
ized monkey heart of the normal cynomolgous monkey (122, l23) 
has been grown in medium 199 plus 10'J6 calf serum and is epi the-
lial-like. Poliovirus multiplies in this eell line with char-
acteristic cellular changes and eventual destruction of the 
cell monolayer. 
A serially cultivated cell culture was derived from a biop-
S¥ specimen from the right atrial appendage of human heart (37). 
The heart tissue was minced and placed in chick plasma clot •• 
Transfers were made by trypsinization. The medium employed for 
growth was the basal medium of Eagle containing 20'J' human serum. 
Cells were maintained on 2 to S% horse or chicken serum, 65% 
Scherer's maintenance solution and 30% medium 199. Earle's 
balanced salt solution was used for both growth and maintenance 
media. After the first 72 hours of primary incubation the cell 
culture was observed to be fibroblastic. However, after 4 
months of serial cultivation, the cells became predominantly 
epithelial in appearance. The cell line was shown to be 
--
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susceptible to measles virus (Edmonston strain) with a cyto-
pathic eL£ect and multiplication. Both Girardi'. human heart 
and Salk'. monkey heart lines are commercially available. 
Khoobyarian and PalEr (70) succes~ully established a 
line oL rabbit heart cells (RHF-l). The heart was obtained 
from a 6 to 7 week old normal domestic rabbit, minced and dis-
persed with trypsin. Growth .. dium consisted of medium 199, 
1011 calf serum and 0.1% lactalbumin hydrolysate. It was £ound 
necessary to incorporate SQII ttconditicmd D8dium" (_dium ob-
tained from previous passage. that had supported the O%'OWth o£ 
cell.) in the gr~h medium £01' the Lirst ten passages. The 
heart cell culture was composed of a heterogeneous array oL 
cells during early passages, but gradually became fibroblastic 
in appearance. These cells were studied for their suscepti. 
bility to the inclusion-inducing viruses • herpes simplex, 
pseudorabies and vaccinia. Herpes simplex and pseudorabies 
virus produced intranuclear inclusions and vaccinia produced 
cytoplasmic inclusions. All three viruses multiplied in these 
cells. Adenovirus, types 1, 2, and 4, were shown to produce 
a cytopathic e££ect with intranuclear inclusions in RHF-l cells 
(3). However, on serial passage no in£ectious virus was pro-
10 
duced. At each passage level the infectivity titer dropped one 
log unit or:1lore, until at the fourth passage no detectable 
virus was present. Adenovirus, type 3, failed to produce a 
cytopathic effect or to multiply in rabbit heart cells. RHF-l 
cells infected with adenovirus, type 2, 3, 4 or 7, developed 
resistance to vaccinia virus plaque formation (69). Maximal 
resistance occurred lS to 18 hours after infection. Anotber 
rabbit heart cell line (99) has been shown to be susceptible 
to adenovirus, types 4 and 21, influenza B virus and para-
influenza, types 1 and 3, and nonsusceptible to influQnz<:\ ~, 
parainfluenza, type 2, respiratory syncytial virus, adenovirus, 
type 3, poliovirus, type 1, and Coxsackie A2l and 83 vixuses. 
Evidence for the support of virus multiplication was not as-
certained. This rabbit heart cell line was carried through 
more than 100 passages before being studied. It was grown on 
0.5. lactalbumin hydrolysate in Hank's balanced salt solution 
plus 15" rabbit serum and maintained on medium 199 plus 5% 
horse serum. 
h'~l".·dman et ale (35) have cultivated guinea pig heart in 
primary cell culture. The heart cell cultures were prepared by 
trypsinization of embryo or adult guinea pig hearts from Hart-
11 
ley albinos. The cell cultures were propagated on Earle's 
balanced salt solution, at pH 7.8, containing O.~ lactalbumin 
hydrolysate and S~ ca1£ serum. They were incubated at 39 C. 
The eells were tested for their production or guinea pig inter-
feron after inoculation with chikungunya virus. Interreron 
was assayed on guinea pig heart cells by challenge with enceph-
alomvoearditis (EMC) virus. At a lIS dilution, guinea pig 
heart intert'eron pro:iuced an 8Cf1 decrease in plaque formation 
by BMC virus but no reduction was observed at a l:SO dilution. 
In this study, guinea pig heart cells have been gro"t'm in 
serial culture rather than as a primary culture, The purpose 
was to investigate the characteristics or guinea pig heart cells 
in continuous cell culture. The medium and serum requirements 
or these cells was inVestigated to establish the optimal condi-
tions necessary ror growth and maintenance and to determine the 
range of variation in treatment that could be tolerated. The 
growth rate was studied to determine the generation time and 
the time at which the eell yield was maximal. A chromosome 
analysis was performed to ascertain the stability of the cells 
in serial culture. Preservation at -170 C and at 36 C was 
studied to determine the conditions required for a continuous 
source or viable cells. 
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The ability of guinea pig heart cells to support the multi-
plication of a representative number of virus.s was investigated 
to determine their host range, using cytopathic effect (CPR) as 
an index of infection. CPR provides the least cumbersome and 
least time consuming method for the identification and titra-
tion of viruses. In addition to identification of a virus by 
production of a characteristic CPR, inhibition ot the CPS by 
known antibody provides positive identification. MUltiplica-
tion ot the virus provides a means of producing large pools of 
virus tor diagnostic and research purposes. 
CHAPTER II 
GROWTH, MAINtENANCE AND STORAGE CHARACTERISTICS 
OF GUINEA PIG HEART CELLS 
Introduction 
The cultivation of various types of heart tissue has pre-
viously been carried out on many occasions using various tissue 
culture methods. MUch effort has been spent on determining the 
nutritional requirements of such heart cells for gro~h and 
maintenance. Earlier media were composed of plasma, balanced 
salt solutions and embryo extracts. Since that time different 
combinations of constituents have been employed for growth and 
maintenance of heart cells. An epithelial-like monkey heart 
cell line was grown on medium 199 supplemented with 101 calf 
serum (122, 123). The medium employed for growth of an epithe-
lial human heart line (31) was the basal medium of Eagle con-
taining 20% human serum. The cells were maintained on 2 to 5% 
horse or chicken serum plus 65% Scherer's maintenance solution 
plus 3~ medium 199. 
13 
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A rabbit heart cell line with a fibroblastic morphology was 
grown on a medium composed of medium 199 supplemented with la. 
calf serum and O.l~ lactalbumin hydrolysate (70). A rabbit heart 
cell line described by Peutz-DeJong et ale (99) was grown on O.~ 
lactalbumin hydrolysate in Hankts balanced salt solution supple-
mented with l5~ rabbit serum and maintained on medium 199 supple-
mented with ~ horse serum. Guinea pig heart cells have been 
grown in primary culture on a medium composed of O.~ lactalbu-
min hydrolysate in Earle's balanced salt solution supplemented 
with 5~ calf serum (35). 
Previously, it was found necessary to include embryo ex-
tract in the growth medium for the cultivation of fibroblast-
like cells whereas epithelial cells would grow in a medium con-
taining only adult mammalian serum (105a). However, Puck et ale 
(105a) found that fetal calf serum could be substituted for 
embryo extract. Fetuin is the alphal globulin component compri-
sing 4~ of fetal calf serum protein. This component renders 
the cell capable of attachment and stretching on a clean glass 
surface. Also, fetuin was found to be an active inhibitor of 
proteolysis by agents like trypsin (33a). 
In the present study, standard tissue culture media were 
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investigated for their ability to support the growth of guinea 
pig heart cells. In addition. studies were performed using 
fetal calf and ~quine serum to determine the per cent serum 
necessary for growth and maintenance of these cells. 
Preservation of guinea pig heart cells by storage at 36 C 
and by freezing was also invest !gated. The preservation of cells 
is of importance since this makes a future source of cells 
readily available, reduces the time and effort necessary for 
subculturing and reduces the danger of loss of a cell line due 
to contamination. 
The growth rate of guinea pig heart cells was determined. 
This provides information on the maximum yield of cells that 
can be expected from an inoculum of given size and the time most 
advantageous for harvest. Additional information is also gained 
on the period of time the cells are in logarithmic growth. This 
is important to know for chromosome determinations, since it is 
necessary to arrest the doubling cells in metaphase. 
A chromosome analysis was also made to determine the karyo-
type of guinea pig heart cells and to investigate if transforma-
tion had occurred. A change in the normal chromosome number of 
cell. can lead to a change in-their viral susceptibility. 
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Materials and Methods 
Preparation of Guinea Pig Heart Cell Cultures. 
The guinea pig heart cell suspension was prepared essential 
ly by the method of Youngner (161). The heart was removed from 
a normal, six-week old guinea pig (Cavia pgrcellu!) ~f , random 
bred, short-haired English variety. After removal of the peri-
cardial sac, the heart was washed in Hank's balanced salt solu-
tion (H8SS) and minced with scissors until very fine pieces were 
obtained. This minced t issue was washed three times with HBSS 
and transferred to a 125 m1 trypsinizing flask (Bellco). Approx 
imately SO IIll of 0.25% trypsin (1:250, Difco) in HBSS sterilized 
by Seitz filtration, was added. The pH of the trypsin was ad-
justed to 7.2-7.4 with sodium bicarbonate solution (7.5%). The 
tissue was trypsinized 4 times at 20 minute intervals. The 
supernate from the first trypsinization was discarded due to the 
large number of red blood cells present. After each subsequent 
trypsinization the supernatant cell suspension was filtered 
through sterile gauze into a centrifuge tube and refrigerated. 
The total cell yield was centrifuged at approximately 800 rpm 
for 10 minutes in an International centrifuge. The trypsin was 
discarded and the cells were resuspended in growth medium. The 
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number of cells per milliliter in the cell suspension was deter-
mined with a Fuchs-Rosenthal counting chamber (1/16 sq mm, 2/10 
mm deep). Cells were seeded at 250,000/ml in bottle cultures 
and incubated in stationary culture at 36 C. 
The medium employed for growth was Hank's balanced salt 
solution containing 6% HEM essential and nonessential amino 
acids, vitamins, sodium pyruvate and L-glutamine supplemented 
with 10)5 fetal calf serum (Grand Island Biological Co.) and 100 
units of penicillin G (Pfizer), 100 ug streptomvcin (Lilly) and 
5 )lg Fungizone (Squibb) per milliliter. The pH was adjusted to 
6.8 for seeding and 7.2 for renewal of the medium with 7.~ 
sodium bicarbonate solution (Grand Island Biological Co.). 
The HEM solution was prepared by combining the following 
solutions obtained from Grand Island Biological Co.: 
MEM amino acids solution, SOX -----.---------- 200 m1 
HEM nonessential amino acids solution, lOOX -- 100 ml 
HEM sodium pyruvate solution, lOOmM, 100X ---- 100 ml 
MBM vitamin solution, lOOX -----------.------- 100 ml 
L-glutamine, 200 mM, 100X --.----------------- 100 ml 
This solution was tubed in 6 ml amounts and frozen at -20 C. 
The medium employed for maintenance was 'the same as above 
but the fetal calf serum concentration was decreased to 5~. 
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For growth of the eells, fresh medium was added at 3 day inter-
vals and cell subcultures were made at weekly intervals. For 
maintenance fresh medium was added to the cells at varying time 
intervals up to one month. All media employed were pretested 
for sterility by inoculation of 0.5 ml in either heart infusion 
broth or fluid thioglycollate medium, which were then incubated 
for 7 days at 36 C before being considered negative. Similar 
sterility testing was performed on all cell cultures at the time 
of seeding and by removal of I ml aliquots of medium already 
used for cell growth. 
Cell transfer was accomplished by addition of 0.25% trypsin 
to the cell monolayers followed by inCUbation at 36 C for 10-30 
min. After the cells were removed from the glass, the resulting 
suspension was pipet ted up and down with a 10 ml pipette to 
break up the cell clumps, centrifuged at approximately 800 rev/ 
min fQr 10 min. and resuspended in fresh growth medium. Usually 
one bottle culture was seeded to three new cultures. 
Viability Determinations 
Cell viability was determined by the trypan blue exclusion 
method (31, 93, 93). One ml of eell suspension was added to 0.0 
ml of a 1.0% water solution of trypan blue (Allied Chemical & 
> 
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Dye Corp.). After 10 minutes the viable (unstained) and dead 
(stained blue) cells were counted in a Fuchs-Rosenthal chamber. 
The percentage viability was determined by dividing the total 
number of viable cells by the total number of viable plus dead 
cells, times 100 (97). 
Growth Curve 
Twenty-one Blake bottles (16 OZ, wide mouth, Wheaton Co.) 
were seeded with cells in the 16th tissue culture passage at 
approximately 30,000 viable cells per milliliter. Viability 
determinations were made on each of three bottle cultures at one 
day intervals for a period of seven days. The average total 
viable cell yield and average per cent viability was determined. 
Fresh medium was added to the cultures four days after seeding. 
Twenty-seven Blake bottles were seeded with cells in the 
18th tissue culture passage at approximately 32,000 viable cells 
per milliliter. 'rhe procedure was the same as described above 
but determinations were made tor a period of nine days. Fresh 
medium was added to the cultures three and six days after seedin 
Media Requirements 
Four media were investigated for their ability to support 
growth of guinea pig heart cells. These were: 
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1) FC10199 - medium 199 supplemented with 10% fetal calf 
serum 
2) FCloMS60l9930 - 60% of Scherer's maintenance medium 
plus 30% of medium 199 plus 1015 fetal 
calf serum 
3) KSl (/1EMHank' s - 6% MEM in Hank I II balanced salt solut ion 
supplemented with 101 equine serum 
(Grand Island Biological Co.) 
4) FeloMEMHank' s ... 696 MEN in Hank's balanced salt solut ion 
supplemented with 101 fetal calf serum 
Penicillin, streptomycin and Fungizone were included in all 
media. 
TQree Blake bottles were seeded with cells in the 19th tis-
sue culture passage on each of these media at approximately 
43,000 viable cells per milliliter. Viability determinations 
were made on each of the bottle cultures 7 days after seeding. 
The cells were pooled and reseeded on the respective media for 
an additional 7 days and the viability was then determined. 
Serum Reguirements 
The serum requirement for growth of guinea pig heart cells 
was determined by supplementing 6% MEN in Hank's balanced salt 
solution with each of the following serum concentrations: 
1) 10')6 fetal calf serum ... FC10MEMHank t s 
2) S% fetal calf serum ... FCSMEMHank' II 
3) 2% fetal calf serum - FC2MEMHank's 
21 
4) No serum - No serum MEM Hank's 
5) 10}5 equ ine serum - ES10MEMHank' s 
Three Blake bottles were seeded with cells in the 18th 
tissue culture passage on each of these media at approximately 
26,000 viable cells per milliliter. Fresh medium was added 3 
and 6 days after seeding. Viability determinations were made 
on each of the bottle cultures 7 days after seeding. The cells 
were then pooled and reseeded on the respective media. The same 
procedure as described above was used for a total ineubation 
period of 21 days. 
Maintenance 
Eighteen Blake bottles were seeded with cells in the 19th 
tissue culture passage at approximately 30,000 viable cells per 
milliliter. The medium employed was 6% MEN in Hank's balanced 
salt solution supplemented with lcm fetal calf serum. Seven 
days after seeding, all bottle cultures were washed two times 
with Hank's balanced salt solution. A medium consisting of 6% 
MEM in Hank's balanced salt solution with no serum was added to 
nine oftthe bottle cultures while the same medium supplemented 
with ~ fetal calf serum was added to the remaining nine culture 
The total viable cell yield and per cent viability was determine 
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for each bottle culture at 7 day intervals, for a total observa-
tion period of 21 days. 
Chromosome Analysis 
A chromosome analysis was made employing the method of 
Moorhead and Nowell (86). A stock colchicine solution was made 
by adding 50 mg of colchicine (National Biocllemical Corp.) to 
100 ml of Hank's balanced salt solution. One m1 of stock col-
chicine was added to 100 ml of growth medium for use. 
Guinea pig heart cells in the 24th passage were seeded in 
Blake bottles at 40,000 cells per milliliter. Colchicine was 
added after 4 days incubation of the cells at 36 C at a final 
concentration of 5 pg/ml. After an additional incubation period 
of 3 hours the following procedure was employed: 
1) Cells were trypsinized 
2) Centrifuged for 5 minutes 
3) Resuspended in 0.5 ml of trypsin 
4) Washed with 8 ml of Hank's balanced salt solution 
5) Centrifuged for 5 minutes 
6) Hank's balanced salt solution was decanted, leaving 0.5 
mI. The cells were resuspended in this volume. 
7) Distilled water was added at a ratio of 10:1 (5 ml of 
distilled water to 0.5 ml of cell suspension). The 
cells were allowed to remain in the distilled water for 
10 minutes. 
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8) Centrifuged for S minutes 
9) All fluid was removed 
10) A fixative consisting of 3 parts methyl alcohol to one 
part glacial acetic acid was added to the eells, which 
were left as a pellet, for one-half hour. One to 2 ml 
of fixative was added depending on the number of cells. 
11) Cells resuspended in the fixative 
12) Centrifuged for 5 minutes 
13) Cells resuspended in a second portion of fixative, 
depending on the number of cells (0.5 to 1 ml). The 
cells can then be stored at 4 C. 
Chromosome slide preparations were made by adding 1 to 2 
drops of cell suspension with a Pasteur pipette to slides which 
were pre-wet with distilled water. The slides were tilted to 
allow the cell suspension to spread in the distilled water. They 
were dried in a 36 C incubator, tlamed and flooded with Giemsa 
stain for 10 minutes. The slides were then rinsed with tap water 
dried in a 36 C incubator and mounted with Permount (Fisher 
Scientific Co.) using #1 coverslip. (24 x 40 mm, Corning). 
The Giemsa stain was prepared in a phosphate butfer solution. 
Ten x stock phosphate solutions were prepared as follows: 
KH2P04-------4S.4 g in 500 ml ot distilled water 
Na2HP04------47.3S 9 in 500 ml ot distilled water 
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Solutions diluted to a I x concentration were then combined in 
the following proportions: 
KH2P04-------38.9 m1 
NaZHP04------6l.l m1 
The final pH is 6.8-7.4. One drop of stock Giemsa stain (Sar-
gent) was added per 1 ml of buffer. This constituted a working 
Giemsa solution. 
Photography 
Chromosome pictures were taken with a Zeiss Photomicroscope 
with an automatic exposure device. A green filter was employed. 
Kodak, high contrast copy, extreme resolution panchromatic film, 
MI3S-36, was used. The magnification was 800x. 
Storage at 36 C 
Cells in the 6th to the 25th passage were seeded in bottles 
and incubated at 36 C. Upon formation of a monolayer. the bottle 
cultures were maintained without transfer for from I month to 
I year at 36 C. Fresh medium was added to the cultures at appro 
imately one week or one month intervals. Prior to the addition 
of fresh medium at one month intervals pH determinations were 
made. Viability determinations were made on each culture after 
removal from storage and upon serial transfer. 
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Storage In Liguid Nitrogen 
Cells in the 19th passage were pooled and diluted to contain 
approximately one million viable cells per milliliter. Five % 
glycerol was added as a preservative and the cell eu spension was 
dispensed in ampules in one ml amounts. The cells were slowly 
frozen at a cooling rate ox approximately I C per minute for 2 
hours and than placed in liquid nitrogen. Ampules were removed 
from storage at various time intervals up to 6 months. Viabi-
lity determinations were made on the cells from the original 
ampule and on subsequent passages. 
Cells in the 22nd tissue culture passage were treated in the 
same manner as described above using 19% glycerol as preserva-
tive. 
General Procedures 
All water used in the preparation of media was obtained as 
single distilled water from Hines VA Hospital. The distilled 
water was deionized with a Crystalab Deeminizer before use. 
All glassware employed was washed w'ith Sparkleen (Fisher 
Scientific Co.). The detergent solution was heated but not 
allowed to boil and the glassware was then scrubbed vigorously 
with a brush and rinsed five times with tap water, 2 times with 
distilled water and one time with deionized water, air dried, 
and sterilized in an oven at 180 C ror 3 hours. 
Results 
Growth of Guinea Pig Heart Cell Cultures 
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In primary culture, guinea pig heart cells attached to the 
glass but remained rounded during the first 24 hrs of incubation 
at 36 C. During the next 24 hr interval some cells had a fibro-
blastic appearance. After 5 days incubation a complete monolayer 
of fibroblastic cells had formed. Guinea pig heart cells have 
been in continuous culture for two years without change in 
morphology. 
The total cell yield and cell increase of early tissue cul-
ture passages are shown in Table 1. Cells in the 2nd through 
the 6th tissue allture passages gave a total cell yield between 
4.02 to 12.90 x 106 with a cell increase between 2.80 to 11.05 x 
106 • 
Guinea pig heart cells in the 16th through the 20th passages 
showed a total cell yield of 9.00 x loS to 2.80 x 106 and a cell 
increase of 6.00 x 104 to 2.32 x 106 (Table 2). The viability 
of the cells at these passage levels ranged rrom 89.6 to > 99.0)5 
with an average viability of 95.3%. 
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The 21st through the 27th tissue culture passage gave a 
range of 7.00 x 105 to 3~74 x 106 total cell yield and a cell 
increase of 3.60 x 105 to 2.68 x 106 • The viability was between 
87 .. 5 to > 99% with an average of 96.7%. 
Cells in the 28th and 29th passages showed a total cell yielc 
of 2.77 to 3.91 x 106 and a cell increase of 1.65 to 2.90 x 106 • 
The viability was slightly lower than earlier passage levels, 
having a range of 90.3 to 92.3% with an average viability of 
91.4%. 
The 30th tissue culture passage of guinea pig heart cells 
gave a range of 6.70 x 105 to 1.10 x 106 total cell yield. 
However, in two out of three instances there was no cell increasE 
although the viabilities were 96.2% and 93.9%. In one instance 
there was a cell increase of 1.17 x 105 with a viability of 
S8.~. The average viability of cells at this passage level 
was 93.0JI. 
.... 
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TABLE 1 
Growth of Guinea Pig Heart Cells in the 
2nd through 12th Tissue Culture Passages 
Tissue Total NUlllber Total Cell Percent 
Culture of Cells Cell Increase Cell 
Passage Seeded Yield Increase 
2 1.85 x lO 6 12.90 x 10 6 11.05 x 10 6 597 
4 1.05 x 10 6 6.71 x 106 5.66 x 106 539 
1.20 x 10 6 4.02 x 10 6 2.80 x 10 6 233 
5 1.20 x 10 6 4.09 x 10 6 2.87 x 10 6 239 
6 6 
106 1.20 x 10 8.40 x 10 7.20 x 600 
2.02 x 10 6 4.50 x 10 6 3.48 x 10 6 172 
6 6 6 6 9.09 x 10 6.93 x 10 6.02 x 10 662 
1.08 x 10 6 3.48 x 10 6 2.40 x 10 6 222 
6 6 6 7 1.08 x 10 2.15 x 10 1.07 x 10 99 
106 
6 6 1.08 x 2.75 x 10 1.67 x 10 154 
12 1.58 x 106 4.02 x 10 6 2.43 x 10 6 153 
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TABLE 2 
Growth of Guinea Pig Heart Cells in the 
16th through 30th Tissue CUlture Passages 
Tissue Total Numbex Total Cell Perce.nt Percent 
Culture of Cells Cell Increase Cell Viability 
Passage Seeded Yield Increase of Total 
Cell Yield 
16 5.12 x 10 5 2.80 x 10 6 2.28 x 10 6 445 "199.0 
5 6 5 17 5.60 x 10 1.20 x 10 6.40 x 10 114 799.0 
4.80 x 105 2.80 x 106 2.32 x 10 6 483 93.0 
18 5 6 6 2.40 x 10 1.65 x 10 1.41 x 10 587 97.0 
8.40 x 105 2.60 x 10 6 1.76 x 106 209 89.6 
19 8.40 x 10 5 9.00 x 10 5 6.00 x 4 10 7 90.0 
2.80 x 10 5 1.35 x 10 6 1.07 x 106 382 > 99.0 
5.40 x 10 5 1.25 x 10 6 7.10 x 105 131 96.0 
20 5 6 106 5.40 x 10 1.70 x 10 1.16 x 214 97.0 
3.40 x 10 5 7.00 x 105 3.60 x 10 5 105 87.5 
21 2.50 x 105 8.00 x 10 5 5.50 x 10 5 220 88.8 
5 6 5 2.50 x 10 1.20 x 10 9.50 x 10 380 > 99.0 
~.a 
TABLE 2 (can't.) 
Tissue Total Number Total Cell Percent Percent 
Culture of Cells Cell Increase Cell Viability 
Passage Seeded Yield Increase of Total 
Cell Yield 
22 4.00 x 10 5 8.00 x 10 5 4.00 x 10 5 100 ;;>99.0 
4.00 x 10 5 1.30 x 10 6 9.00 x 10 5 225 ., 99.0 
5 5 5 3.60 x 10 8.00 x 10 4.40 x 10 122 :> 99.0 
5 6 6 2.66 x 10 1.40 x 10 1.13 x 10 424 )99.0 
23 5 6 5 2.66 x 10 1.00 x 10 7.33 x 10 275 > 99.0 
24 5 2.30 xl0 1.30 x 10 6 1.02 x 10 6 364 "') 99.0 
5 6 6 5.20 x 10 3.00 x 10 2.48 x 10 476 )99.0 
25 5 6 6 5.20 x 10 3.20 x 10 2.68 x 10 515 )99.0 
1.28 x 10 6 3.07 x 10 6 1.78 x 10 6 139 NOa 
6 6 6 26 1.20 x 10 3.10 x 10 1.90 x 10 158 NO 
5 6 105 4.00 x 10 1.22 x 10 8.20 x 205 NO 
3.74 x 10 6 ~D NO NO 95.6 
27 6 
ND 3.74 x 10 NO NO 94.5 
1.12 x 10 6 12.77 x 10 6 1.65 x 106 146 91.6 
28 1.12 x 10 6 3.60 x 10 6 2.48 x 10 6 222 90.3 
1.12 x 106 ~.91 x 106 2 .. 79 x 106 2I.Lq Q1 " 
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TABLE 2 (can't.) 
Tissue Total Num.ber Total Cell Percent Percent 
Culture of Cells Cell Increase Cell Viability 
Passage Seeded Yield Increase of Total 
Cell Yield 
9.80 x 10 5 3.89 x 10 6 2.90 x 10 
6 
295 91.4 
29 9.80 x 10 
5 
2.86 x 10 6 1.87 x 106 190 92.3 
9.80 x 105 3.08 x 10 6 2.09 x 106 213 91.4 
9.82 x 105 8.00 x 105 None 0 96.2 
5 5 
30 9.82 x 10 6.70 x 10 None 0 93.9 
5 6 Ii 9.82 x 10 1.10 x 10 1.17 X 10'" 11 88.9 
aND ... Not Done 
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Growth Curve 
A growth curve of guinea pig heart cells in the 16th tissue 
culture passage is shown in Fig. 1. The 10910 number of cells 
represents an average of three replicate cultures. During the 
first 24 hours of incubation at 36 C a sharp decrease in cell 
numbers occurred. Between 1 to 6 days of incubation the cells 
gradually increased in number with a maximum cell yield of 3.80 
x 106 cells from an inoculum siae of 9.04 x lOS, representing a 
four-fold increase in cell number. The cells were in logarith-
mic growth during the 2nd to 3rd day after seeding. There was 
a slight decrease in cell numbers between the 6th and 7th day 
of incubation. Renewal of the medium at 4 days did not appear 
to change the growth rate of the cells. The vertieal lines 
represent the range of cell numbers obtained from each of three 
cell cultures. 
Fig. 2 shows the growth eurve of guinea pig heart cells in 
the 18th tissue culture passage. The curve is similar to that 
obtained with cells in the 16th passage. A sharp decrease in 
cell number was noted during the first 24 hours of incubation 
followed by a gradual increase in cell number up to 6 days. 
Incubation of the cells beyond 6 days showed a gradual decrease 
Fig.l 
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in cell number to the end or the observation period of 9 days. 
An inoculum size of 9.60 x 105 cells reached a maximum increase 
of 3.20 x 106 cells at 6 days, representing a three-fold increas 
in cell number. The cells were in logarithmic growth from the 
2nd through the 5th day after seeding. Renewal of the medium at 
3 and 6 days did not appear to change the growth rate of the 
cells. 
Media Requirements 
Cell cultures seeded at 1.29 x 106 cells with medium 199 
supplemented with 10% fetal calf serum (FCI0199) gave a total 
cell yield of 1.65 to 3.25 x loS (Table 3), after 7 days incuba-
tion at 36 C. Only a partial monolayer was formed and the cells 
were granular in appearance, with no cell increase. The average 
viability was 17.8% with a range of 65.6 to 88.5%. Because Qf 
the low cell yield, only one bottle culture was seeded on this 
medium for an additional 7 days incubation. On this second 
tissue culture passage the viability h:ad dropped to 17.3% and 
the total cell yield was only 4.00 x 103 with no cell increase. 
The culture was composed of lysing cells and cellular debris. 
Cell cultures seeded at 1.29 x 106 cells gave a total cell 
yield of 1.55 to 1.7S x 105 after 7 days incubation at 36 C when 
TABLE 3 
Growth of Guinea Pig Heart Cells on Various Media 
.. - -
Tissue Total Number Total Cell Percent Percent 
Medium !Culture of Cells Cell Increase Cell Viability 
lPassage Seeded Yield Increase of Total 
Cell Yield 
1 1.29 x 106 ~.40 x 105 None 0 79.5 
1.29 x 106 1.65 x 10 5 None. 0 88.5 
FC10 199 6 5 1.29 x 10 3.25 x 10 None 0 65.6 
, 
-
2 7.35 x 10 6 4.00 x 10 3 None 0 17.3 
1.29 x 10 6 1.55 x 10 5 None 0 65.7 
1 1.29 x 10 6 1.80 x 10 5 None 0 64.8 
F010 MS60 19930 6 1.85 x 105 1.29 x 10 None 0 63.1 
2 5.25 x 10 5 2.50 x 103 None 0 10.6 
6 6 5.40 x 105 1.29 x 10 1.83 x 10 41 93.1 
ES10 MEM Hanks' 
6 6 5 w 1 1.29 x 10 1.72 x 10 4.30 x 10 33 94.2 Ln 
1.29 x 106 2.16 x 106 8.70 x 105 67 95.5 
TABLE 3 (con't.) 
Tissue Total Number Total Cell Percent Percent 
Medium Culture of Cells Cell Increase Cell Viability 
Passage Seeded Yield Increase of Total 
Cell Yield 
1.29 x 106 2.22 x 106 9.30 x 105 72 92.8 
1 
106 106 105 1.29 x 2.01 x 7.20 x 56 91.7 
1.27 x 10 6 1.77 x 10 6 4.98 x 10 5 38 93.5 
FCIO MEM Hanks' 2 1.27 x 10
6 1.74 x 10 6 4.68 x 105 36 90.1 
6 6 5 1.27 x 10 1.41 x 10 1.43 x 10 11 92.2 
\..I) 
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grown on a medium composed of 60% Scherer's maintenance medium 
plus 30% lU3diuIll. 199 plus 10J5 retal calf serum (FClOMS60l9930). 
The cells did not form a co~p!ete ~o~olayer and were granular 
in appearance. There was no cell i:tcrease and the viability 
range was 63.1% to 65.7% with an average viability of 64.5%. 
Only one bottle culture was seeded on this medium for an addi-
tional 7 days incubation becaus~ or the low cell yield. The 
viability after this additional time interval was only 10.6% 
and the total cell yield was 2.50 x 103 with no cell increase. 
Guinea pig heart call cultures seeded at 1.29 x 106 cells anc 
grown on 6% MEM in Hank's balanced salt solution supplemented 
with len equine serum (ESloMEM Hank f s) formed a complete mono-
layer upon inCUbation for 1 days at 36 C. Tha cells showed no 
evidence of granularity or lysis and had a normal fibroblastic 
appearance. The total cell yield was in the range of 1.83 to 
2.16 x 106 with a cell increase between 4.30 to 8.70 x loS. 
The average viability was 94.2% with a range of 93.l~ to 95.5%. 
Cell cultures seeded at 1.29 x 106 cells and grown on 6% 
MEM in Hanks' balanced salt solution supplemented with 10% fetal 
calf serum (FCloMEM Hanks') gave a total cell yield between 2.01 
to 2.22 x 106 after 7 days incubation at 36 C. There was a cell 
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increase between 1.20 to 9.30 x lOS and the viability range was 
91.7% to 92.8% with an average of 92.~. Reseeding the cells 
on this medium for an additional 7 days incubation gave a total 
cell yield of 1.41 to 1.71 x 106 with a cell increase of 1.43 
to 4.98 x loS. The viability range was 90.l~ to 93.5~ with an 
average viability of 91.9%. 
Serum Requirements 
Cells grown with ~ MEM in Hanks' balanced salt solution 
supplemented with 10% fetal calf serum showed a total cell yield 
of 3.30 to 4.34 x 106 on the first tissue culture passage after 
7 days incubation at 36 C (Table 4). The cell increase was 2.51 
to 3.54 x 106 and the viability ranged between 88.8% to 91.8% 
with an average of 89.9%. The second tissue culture passage 
for an additional 7 days incubation gave a total cell yield of 
1.91 to 3.49 x 106 with a cell increase of 1.06 to 2.58 x 10°. 
The average viability was 83.8% with a range of 74.3% to 90.5%. 
The total cell yield on the third tissue culture passage was 
2.29 to 2.15 x 106 with a cell increase of 1.36 to 1.82 x 106 • 
The viability range was 82.6% to 90.4% with an average viability 
of 83.8%. 
TABLE 4 
Growth of Guinea Pig Heart Cells at Various Serum Concentrations 
Serum Tissue. r,t'ota1 Number Total Cell Percent Percent 
Concentration Culture of Cells Cell Increase Cell Viability 
Passage Seeded Yield Increase of Total 
Cell Yield 
5 6 6 1 7.95 x 10 4.34 x 10 3.54 x 10 445 91.8 
7.95 x 10 5 4.16 x 106 3.36 x 10 6 422 89.1 
7.95 x 10 5 3.30 x 106 2.51 x 106 315 88.8 
9.05 x 10 5 2.89 x 106 1.98 x 10 6 218 74.3 
5 6 6 10% Fetal Calf 2 9.05 x 10 2.49 x 10 2.58 x 10 285 86.6 
(MEM Hanks t ) 5 6 6 9.05 x 10 1.97 x 10 1.06 x 10 117 90.5 
5 6 6 9.27 x 10 2.75 x 10 1.82 x 10 196 89.5 
3 9.27 x 10 5 2.29 x 10 6 1.36 x 10 6 146 82.6 
5 2.63 x 106 
6 
9.27 x 10 1.70 x 10 173 90.4 
,w 
.-P 
TABLE 4 (con't.) 
Serum Tissue Total Number Total Cell Percent Percent 
poncentration Culture of Cells Cell Increase Cell Viability 
Passage Seeded Yield Increase of Total 
Cell Yield 
7.95 x 10 5 2.90 x 106 2.10 x 10 6 264 90.1 
5 6 6 1 7.95 x 10 2.66 x 10 1.86 x 10 233 91.7 
5 6 1.03 x 106 7.95 x 10 1.83 x 10 129 92.8 
9.12 x 10 5 2.24 x 10 6 1.32 x 106 144 86.1 
5~ Fetal Calf 2 9.12 x 10 5 1.46 x 10 6 5.47 x 105 59 89.1 
(MDt Hanks t ) 9.12 x 10 5 8.00 x 10 5 None 0 85.0 
3 9.00 x 10 5 4.70 x 105 None 0 88.6 
5 5 5 7.95 x 10 9.87 x 10 1.92 x 10 24 74.7 
~% Fetal calf 5 6 
xl05 1 7.95 x 10 1.06 x 10 2.67 33 79.7 
(MEM Hanks t ) 
7.95 x 105 6 5 1.37 x 10 5.80 x 10 72 86.9 
~ 
0 
TABLE 4 (con't.> 
< < 
Serum Tissue Total Number Total Cell Percent Percent 
Concentration Culture of Cells Cell Increase Cell Viability 
Passage Seeded Yield Increase of Total 
Cell Yield 
5 5 9.13 x 10 2~60 x 10 None 0 81.8 
~% Fetal Calf 5 1.97 x 10 5 2 9~13 x 10 None 0 64.1 
(MEM Hanks' > 5 ~.15 x 10 5 9.13 x 10 None 0 77.2 
5 70\95 x 10 None None 0 0.0 
No Serum 5 
1 7.95 x 10 None None 0 0.0 
(MEM Hanks') 5 
7 .. 95 x 10 None None 0 0.0 
5 6 1.29 x 106 7.95 x 10 2.08 x 10 162 93.4 
1 5 6 6 7.95 x 10 2.40 x 10 1.61 x 10 202 94.3 
10% Equine 
(MEM Hanks' > 19.16 x 10 5 6 [l.10 x 10 1.83 x 10 5 19 91.6 
2 9.16 x 10 5 ~.85 x 10 5 6.81 x 10 4 7 92.5 
5 6 5 ~ ~.16 x 10 ~.31 x 10 ~.98 x 10 43 94.1 1-" 
TABLE 4 (con't.) 
Serum Tissue Total Number Total Cell Percent Percent 
pancentra t ion Culture of Cells Cell Increase Cell Viability 
Passage Seeded Yield Increase of Total 
Cell Yield 
9.18 x 10 5 1.14 x 10 6 2.26 x 10 5 24 93.3 
10% Equine 5 6 5 3 9.18 x 10 1.06 x 10 1.41 x 10 15 91.1 
(MEM Hanks t ) 5 6 5 9.18 x 10 1.13 x 10 ~.11 x 10 22 95.0 
,J::.., 
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Guinea pig heart cells seeded on 6% MEM in Hanks' balanced 
salt solution supplemented with 5~ xetal calx serum gave a total 
cell yield on the first tissue culture psssage of 1.83 to 2.90 x 
106 • The cell increase was between 1.03 to 2.10 x 106 with a 
viability range of 90.1% to 92.8%. The average viability was 
9l.~. The second tissue culture passage on this medium pro-
duced a total cell yield of 8.00 x loS to 2.24 x 106 • The cell 
monolayer was complete and the cells were normal in appearance. 
Two cultures yielded a cell increase ox 1.32 x loP and 5.47 x 
105 and one culture showed no cell increase. The viability 
ranged from 8S.~ to 89.1% with an average of 86.7%. On third 
tissue culture passage the cells were slightly granular and 
formed a 90% monolayer. The total cell yield from one bottle 
culture was 4.10 x lOS with no cell inerease. The viability of 
this culture was 88.&.%. 
Cells seeded with 6% MEM in Hanks' ba1anced salt solution 
supplemented wthh 2% fetal calf serum showed a total cell yield 
of 9.87 x 105 to 1.37 x 106 after 7 days incubation at 36 C. 
The cell increase was 1.92 to 5.80 x 105 with a Viability range 
of 74.7~ to 86.9%. The average viability was 80.4%. No cell 
increase occurred on second tissue culture passage and the total 
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cell yield was between 1.97 to 2.60 x lOS. The cells had ~ormed 
only a SO% monolayer and were granular and lysing. The average 
viability was 74.3% with a range of 64.1% to 81.8%. 
Cell cultures seeded on &% MEM in Hanks' balanced salt solu-
tion containing no serum showed only cellular debris after incu-
bation for 7 days at 36 C. 
Cells seeded on 6% MEM in Hanks' balanced salt solution 
supplemented with 10% equine serum showed a cell yield in two 
cultures of 2.08 and 2.40 x 106 atter 7 days inCUbation at 36 C. 
The cell increase was 1.29 and 1.61 x 106 with viabilities of 
93.4% and 94.3%. The second tissue culture passage gave a total 
cell yield of 9.8S x 105 to 1.31 x 106 with a cell increase o~ 
6.81 x 104 to 3.98 x 105 • The viability range was 91.6% to 94.1 
with an average of 92.1%. The third tissue culture passage 
showed a total cell yield of 1.06 to 1.14 x 106 with a cell 1n-
crease of 1.41 to 2.26 x 105 • The average Viability was 93.1% 
with a range of 91.1% to 95.0%. 
Maintenanee 
Cell cultures were grown on 6% MEM in Hanks' balanced salt 
solution supplemented with 10% fetal calf serum until formation 
of a monolayer. They were then maintained on the above medium 
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containing no ser~ or supplemented with 2% fetal calf serum. 
After 7 days maintenance on medium containing 2% fetal calf 
serum the total cell yield was 1.16 to 1.22 x 106 with a cell 
increase of 2.41 to 9.81 x lOS (Table 5). The cells were slight-
ly granular. The averAge viability' was 92.8% with a range of 
90.595 to 94 .5%. After :fourteen days of maintenance on this 
medium there was a total cell yield of 2.02 to 2.20 x 106 with 
a cell increase of 1.10 to 1.28 x 106 • Although most of the 
monolayer was intact there were areas where the cells had de-
tached from the glass and some rounded and lysing cells were 
present. The viability yield from two cultures was 8.30 x 105 
and 1.91 x 106 after 21 days maintenance. One culture showed a 
cell increase of 9.91 x loS with a viability of 82.2~ while the 
other culture showed no cell increase and the viability was 
79.~. 
Cell cultures maintained on a medium containing no serum 
gave a total cell yield of 4.00 x 103 to 1.62 x loS with no cell 
increase after 7 days incubation. Only a partial monolayer re-
mained and the cells were granular and lysing. The average 
viability was 68.1% with a range of 56.3% to 75.0%. After 14 
and 21 days of maintenance the cells were rounded, granular and 
TABLE 5 
Maintenance of Guinea Pig Heart Cells with 
2% Fetal Calf Serum and No Serum 
Serum Days of Total Number Total Cell Percent Percent 
Concentration Incuba- of Cells Cell Increase Cell Viability 
tion Seeded Yield Increase of Total 
Cell Yield 
9.24 x 10 5 ~.90 x 10 6 9.81 x 10 5 106 94.5 
7 9.24 x 10 5 ~.23 x 10 6 3.08 x 10 5 33 90.5 
9.24 x 10 5 ~.16 x 10 6 2.41 x 105 26 93.6 
~% Fetal Calf 5 6 1.10 x 106 9.24 x 10 ~.02 x 10 119 93.4 
(MEM Hanks t ) 
9.24 x 105 6 6 14 2.20 x 10 1.28 x 10 138 96.0 
9.24 x 10 5 2.04 x 10 6 1.11 x 10 6 120 94.1 
9.24 x 10 5 ~.30 x 10 5 None 0 79.2 
21 5 6 5 9.24 x 10 1.91 x 10 9.91 x 10 107 82.2 
of:>. 
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TABLE 5 (contt.) 
Serum Days of Total Number Total Cell Percent Percent 
Concentration Incuba- of Cells Cell Increase Cell Viability 
tion Seeded Yield Increase of Total 
Cell Yield 
5 3 9.24 x 10 4.00 x 10 None 0 56.5 
5 5 7 9.24 x 10 1.62 x 10 None 0 72.9 
5 3 9.24 x 10 7.50 x 10 None 0 75.0 
5 5 NOa 9.24 x 10 2.48 x 10 None 0 
No Serum 5 105 14 9.24 x 10 2.84 x None 0 NO 
(MDt Hanks t ) 5 5 9.24 x 10 3.56 x 10 None 0 ND 
9.24 x 1.0 5 5.25 x 10 4 None 0 NO 
21 9.24 x 10 5 2.68 x 105 None 0 NO 
9.24 x 10 5 9.15 x 104 None 0 ND 
a NO - Not Done. 
,j:>. 
.....:) 
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lysing. A viability determination was impossible due to the 
cellular debris. The total cell yield after 14 days of mainte-
nance was 2.48 to 3.56 x 105 and after 21 days was 5.25 x 104 
to 2.68 x 105. There was no cell increase. 
Chromosome Analysis 
The chromosome number of guinea pig heart cells in the 24th 
tissue culture passage is equal to the normal complement for the 
guinea pig (Cavia poreellus). It has been shown that the guine 
pig has 32 pair of chromosomes (! 1 pair), including an XY pair 
in males (1). Table 6 shows the distribution of chromosomes 
from 24 cells. 
TABLE 6 
Chromosome Distribution in 24 Guinea Pig Heart Cells 
Chromosome Numbers 
S5 S6 51 58 60 61 62 63 
-Number 1 1 1 1 I 2 1 10 
of Cells 
" of Cells 4.1 4.1 4.1 4.1 4.1 8.3 29.1 41.6 
Five cells (4.195) had a chromosome count of 55 to 60, two cells 
(8.3~) had counts of 61 chromosomes, while 7 cells (29.1%) had 
a chromosome number of 62. The chromosome number in 10 cells 
was 63, representing 41.~ of the cells, the largest group. 
A photomicrograph of a normal chromosome spread is shown in 
Fig. 3. 
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The karyotype of the 24th tissue culture passage of guinea 
pig heart cells is shown in Fig. 4. The chromosomes were 
arranged according to centromere position. One member of a pair 
was lost in preparation. Group B consists of the X and Y sex 
chromosomes and group C contains 8 pairs of telocentric chromo-
somes. There are 19 pairs of acrocentric chromosomes in group D. 
St orage at 36 C 
In a series of 3 experiments cell cultures were grown on 6~ 
MEM in Hanks' balanced salt solution supplemented with l~ fetal 
calf serum. Upon formation of a monolayer the cells were main-
tained without transfer on the same medium supplemented wi th 5~ 
fetal calf serum for a total period of one year with medium 
changes at approximately one week intervals. In experiment 1, 
the original cultUre removed from storage gave a total cell yiel 
of 3.30 x 106 with a viability of 16.8% (Table 1); no passage 
was made. In experiment 2, the original culture had a total cell 
yield of 2.10 x 106 and a viability of 65.4%. First tissue cul-
ture passage showed a total cell yield of 2.70 x 106 with a cell 
, 
• 
• • , , 
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Fig. 3. Chromosome spread of guinea pig heart cells in the 24t~··j 
tissue culture passage. 
" 
A. B. 
C. 
! , 
' ''!I!'' 
-~ -
D. 
Fig. 4. Karyotype of guinea pig heart cells In the 24th tiss.ue culture 
passage; (A) submetacentric chromosomes; (B) sex chromosomes X and Y; 
(C) telocentric chromosomes; (D) acrocentric chromosomes. 
ln l 
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TABt.E 7 
Storage of Guinea Pig Heart Cells at 36 C for One Year with 
Medium Renewals at One Week Intervals 
Experiment Tissue. Total Number Total Cell Percent Percent 
Number Culture of Cells Cell Increase Cell Viability 
Passage Seeded Yield Increase of Total 
Cell Yield 
1 Original 'f...'rf)a 3.30 x 10 6 ~"D NO 76.8 
Culture 
6 
Original ND 2.70 x 10 ND ND 65.4 
Culture 
1 2.70 x 105 2.70 x 106 2.43 x 106 900 96.4 
2 
3.37 x 10 5 2.08 x 10 6 1.74 x 106 516 96.2 
2 5 
106 106 3.37 x 10 1.98 x 1.64 x 486 96.1 
Original ND 3.90 x 106 NO ND 77~6 
Culture 
5 1.51 x 106 1.12 x 106 287 96.1 3 3.90 x 10 
1 5 106 6 3.90 x 10 1.68 x 1.29 x 10 330 98.8 
~ 
TABLE 7 (con't.) 
Experiment Tissue rt'otal Number Total Cell Percent Percent 
Number Culture of eells Cell I':lcrease Cell Viability 
Passage Seeded Yield Increase of Total 
Cell Yield 
3.77 x 10 5 2.54 x 10 6 2.16 x 106 572 98.0 
3 2 5 6 6 
3.77 x 10 2.05 x 10 1.67 x 10 442 97.0 
a NO - Not Done 
U1 
l>J 
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increase or 2.43 x 106 and the cells were 96.4% viable. Upon 
second tissue culture passage the total cell yield obtained in 
two cultures was 2.08 x 106 and 1.98 x 106 • The cell increase 
was 1.74 to 1.64 x 106 with viabilities or 96.2% and 96.1%, 
respectively. 
The original culture in experiment 3 gave a total cell yield 
or 3.90 x 106 with a viability of 77.6%. The fir$t and second 
tissue culture passages showed a range of total cell yield from 
1.51 to 2.54 x 106 with cell increases of 1.12 to 2.16 x 106 • 
The viabilities ranged from 96.1% to 98.0; with an average of 
97 .4%. 
Table 8 give$ the results or storage at 36 C with a medium 
change at one month intervals. Cell cultures were grown on 6% 
MEM in Hanks' balanced salt aolution supplemented with 10% retal 
calr serum. Upon formation of a monolayer the cells were main-
tained without transfer on the above medium supplemented with 
S% fetal calf serum. Atter one month of storage at 36 C the 
original bottle culture removed from storage showed a total cell 
yield of 1.25 x 106 with a cell increase of 9.20 x loS. The 
viability was 94.6%. On first tissue culture passage the via-
bility was 97.5% with a total cell yield of 1.56 x 106 and a 
55 
cell increase of 4.76 x loS. Second tissue culture passage 
showed a total cell yield in two bottle cultures of 8.90 x 105 
and 7.90 x loS with cell increases of 1.10 x 105 and 8.00 x 103. 
The viabilities were 97.8% and 95.9%. 
After two months of storage the original culture had a via-
bility of 94.6% with a total cell yield of 1.92 x 106 and a cell 
increase of 1.59 x 106. First tissue culture passage Showed a 
total cell yield of 9.30 x 105 with a cell increase of 1.60 x 
loS. A viability determination was not made. 
Three months of storage at 36 C with medium changes at one 
month intervals Showed a total cell yield of 8.25 x loS and a 
cell increase of 4.95 x 105 in the original culture removed 
from storage. The viability was 91.4%. The first and second 
tissue culture passages showed a total cell yield of 7.00 x 105 
and 1.09 x 106 with cell increase of 2.05 x 105 and 3.90 x lOS, 
respectively. Viability determinations were not made. 
After six months of storage the original culture had a via-
bility of 94.1% with a total cell yield of 7.00 x 105 and a cell 
increase of 3.70 x loS. The first tissue culture passage gave a 
total cell yield of 7.40 x 105 with a cell increase of 3.90 x 
loS. The viability was 95.4%. The seeond and third tissue cul-
ture passages showed no cell increase. The second passage had 
TABLE 8 
Storage of Guinea Pig Heart Cells at 36 C with 
}1edium Rene-wals at One Month Intervals 
Months Tissue Total Number Total Cell Percent Percent 
of Culture of Cells Cell Increase Cell Viability 
Storage Passage Seeded Yield Increase of Total 
Cell Yield 
Original 3.30 x 10 5 1.25 x 10 6 9.20 x 10 5 278 94.6 
Culture 
1 1 1.08 :it: 10 6 1.56 x 10 6 4.76 x 10 5 44 97.5 
7.80 x 105 8.90 x 10 5 1.10 x 105 14 97.8 
2 
105 105 103 7.02 x 7.10 x 8.00 x 1 95.9 
5 
106 106 Original 3.30 x 10 1.92 x 1.59 x 481 94.6 
2 Culture 
5 105 5 NDa 1 7.70 x 10 9.30 x 1.60 x 10 .20 
Original 3.30 x 105 8.25 x 105 4.95 x 105 150 91.4 
3 Culture 
Oi 
Q\ 
TABLE 8 (con't.) 
Months Tissue Total Number Total Cell Percent Percent 
of Culture of Cells Cell Increase Cell Viability 
Storage Passage Seeded Yield Increase of Total 
Cell Yield 
3 1 4.94 x 105 ;7.00 x 105 2.05 xlOS 41 ND 
5 6 105 2 7.00 x 10 1.09 x 10 3.90 x 55 ND 
5 7.00 x 105 5 Original 3.30 x 10 3.70 x 10 112 94.1 
Culture 
1 3.50 x 10 5 7.40 x 10 5 3.90 x 10 5 III 95.4 
6 5 5 2 5.92 x 10 4.50 x 10 None 0 88.9 
3 4.20 x 10 5 3.45 x 10 5 None 0 78.4 
9 Original 3.30 x 105 None b Noneb 0 0.0 
Culture 
aND 
- Not Done U1 
" b All cells lysed on trypsinization 
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a total cell yield of 4.50 x 105 and an 88.~ viability while 
the third passage had a total cell yield of 3.45 x 105 with a 
viability of 18.4%. 
Nine months of storage at 36 C with medium changes at one 
month intervals showed no cell yield and a 0% viability in the 
original culture. All cells lysed on trypsinization. 
Table 9 gives the pH determinations on the old medium of 
bottle cultures in storage at 36 C with medium changes at one 
month intervals. After one month storage the pH was 1.2 to 7.3. 
Two months storage showed a pH range of 7.1 to 1.2. The original 
pH of the medium was 7.1. After 3 months storage the pH was 7.0 
to 1.1 and the original pH of the medium was 7.0. The pH range 
was 6.8 to 6.9 after 4 months storage with the original pH of 
the medium at 6.7. Six months storage showed a pH range of 1.0 
00 7.2 and the original pH of the medium was 1.0. 
Storage In Liquid Nitrogen 
Cells in the 19th tissue culture passage were stored in the 
frozen state in liquid nitrogen (under -110 C). Table 10 gives 
the results obtained when S% glycerol was used as a preservative. 
After one month storage the cells from three original ampules 
had a total cell yield of 4.20 to 4.90 x lOS. The viability 
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TABLE 10 
Storage of Guinea Pig Heart Cells in Liquid Nitrogen 
Using 5% Glycerol as a Preservative 
Months Tissue Total Number Total Cell Percent Percent 
of Culture of Cells Cell Increase Cell Viability 
Storage Passage Seeded Yield Increase of Total 
Cell Yield 
Original 8.30 x 10 5 14.90 x 10 5 NDa ND 62.0 
Ampule 5 5 8.30 x 10 i4.70 x 10 ND ND 59.4 
5 5 8.30 x 10 ~.20 x 10 ND NO 50.6 
4.90 x 10 5 1.54 x 10 6 1.05 x 106 214 94.2 
1 4.70 x 10 5 9.45 x 10 5 4.75 x 10 5 101 95.3 
5 5 5 
1 4.20 x 10 6.00 x 10 1.80 x 10 42 95.5 
6 3.48 x 10 6 6 1.54 x 10 1.93 x 10 125 95.8 
2 5 6 6 9.45 x 10 2.40 x 10 1.45 x 10 153 91.4 
6 ;3.15 x 10: 6 173 94.1 1.15 x 106 1.99 x 106 3 220 91.6 (J\ 1.15 x 10 3.69 x 10 2.53 x 10. 0 
1.15 x 106 3.73 x 106 6 223 2.57 x 10 93.6 
1 
TABLE 10 (contt.) 
Months Tissue Total Number Total Cell Percent Percent 
of Culture of Cells Cell Increase Cell Viability 
Storage Passage Seeded Yield Increase of Total 
Cell Yield 
Original 8.30 x 105 2.40 x 105 NO ND 48.9 
.3 Ampule 
1 2.40 x 105 1.00 x 106 7.60 x 105 316 96.9 
Original 8.30 x 105 1.95 x 105 ND NO 25.8 
Ampule 5 1.05 x 105 8.30 x 10 ND ND 16.8 
8.30 x 10 5 2.20 x 10 5 ND ND 34.6 
6 1.95 x 10 5 4.90 x 105 2.95 x 105 151 83.0 
1 5 6.90 x 105 5 2.20 x 10 4.70 x 10 213 85.7 
4.90 x 10 5 3.63 x 106 3.14 x 10 6 640 93.4 
6 4.89 x 106 2 1.38 x 10 3.51 x 10 6 254 91.0 
6.90 x 105 6 2.44 x 10 6 1.75 x 10 253 85.6 
a NO _ Not Done 
0-
I-' 
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ranged from 50.6% to 62.0% with an average viability ot 57.3%. 
The first tissue culture passage had a total cell yield of 6.00 
x lOS ~o 1.54 x 106 with cell increases between 1.80 x lOS to 
1.05 x 106 • The average viability was 95.0% with a range of 
94.2% to 95.5%. The total cell yield on the second and third 
tissue culture passages was between 2.40 to 3.69 x 106 with cell 
increases of 1.45 to 2.57 x 106 • Viabilities ranged from 91.49£ 
to 95.8%. The average viability on second passage was 93.6% and 
on third passage was 93.1%. 
Three months ot' storage gave a total cell yield of 2.40 x lOS 
in the original ampule with a Viability of 48.9%. The first tis-
sue culture passage had a viability of 96.9% with a total cell 
yield of 1.00 x 106 and,a cell increase of 7.60 x loS. 
After six months storage in liquid nitrogen three original 
ampules had a range in total cell yield of 1.OS to 2.20 x 105. 
The viabilities were 16.8% to 34.6% with an average viability of 
25.7%. The first tissue culture passage had a total cell yield 
of 4.90 x 105 to 1.38 x 106 with cell increases of 2.95 x 105 
to 1.27 x 106 • The viability ranged from 83.0% to 92.2% with 
an average ot' 86.9%. The second tissue culture passages showed 
a total cell/yield between 2.44 to 4.89 j( 106 and cell increases 
between 1.75 to 3.51 x 106 • The average viability was 90.01£ 
with a range of 85.6% to 93.4%. 
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Cells in the 22nd tissue culture passage were stored in the 
frozen state in liquid nitrogen (-170 C) using 15% glycerol as 
a preservative. After one month storage cells from the original 
ampule had a total cell yield of 5.40 x lOS with a viability of 
83.~ (Table 11). The first tissue culture passage gave a total 
cell yield of 1.20 x 105 with no cell increase. The viability 
was 93.3%. On second tissue culture passage the viability was 
89.a;, with a total cell yield of 2.23 x 106 and a cell increase 
of 2.11 x 106. Two cultures on third passage had total cell 
yields of 2.75 x 106 and 1.67 x 106 with c.ell increases of 1.90 
x 106 and 7.77 x loS. The viabilities were 92.1% and 88.2%. 
After two months storage in liquid nitrogen cells from the 
original ampule had a viability of 89.~ and a total cell yield 
of 8.10 x loS. The first tissue culture passage had a 0.; via-
bility with no cell yield; all cells lysed on trypsinization. 
Three months storage showed a total cell yield of 4.30 x 105 
in the original ampule with a viability of 86.2%. The first 
tissue culture passage gave a viability of 67.9% and a total cell 
yield of 1.12 x loS with no cell inereaee. The seeond passage 
TABLE 11 
Storage of Guinea Pig Heart Cells in Liquid Nitrogen 
Using 15% Glycerol as a Preservative 
Months Tissue Total Number Total Cell Percent Percent 
of Culture of Cells Cell Increase Cell Viability 
Storage Passage Seeded Yield Increase of Total 
Cell Yield 
6 5.40 x 105 NOa Original 1.00 x 10 ND 83.0 
Ampule 
1 1 5.40 x 105 1 .. 20 x 105 None 0 93 .. 3 
8.48 x 10 5 2.75 x 106 1.90 x 10 6 224 92~1 
3 5 6 5 8.93 x 10 1.67 x 10 7.77 x 10 87 88.2 
Original 1.00 x 10 6 8.10 x 10 5 NO ND 89.0 
2 Ampule 
1 8.10 x 10 5 None None 0 0.0 
Original 6 4 .. 30 105 NO ND 86.2 1 .. 00 x 10 x 
Ampule 
3 1 4 .. 30 x 10 5 1.12 x 105 None 0 67.9 
2 1.12 x 105 None None 0 0.0 ~ 
6S 
had a Q; viability with no cell yield; all cells lysed on tryp-
sinization. 
Dileu8sion 
Guinea pig heart cells have been successfully grown in con-
tinuous culture at 36 C for a period of two years without alter-
ation of the original fibroblastic morphology. Early tissue 
culture passages showed a more rapid rate of gr~h than subse-
quent passages with formation of a monolayer after. to S days 
of incubation. The increase in cell numers was as high as 6629£ 
Later passages formed a monolayer in 7 days when the initial eel 
input was between 30,000 to 40,000 cells per milliliter. Al-
though there were transient fluctuations in the growth rate of 
cells in the 7th through the 25th tissue culture passages, the 
overall growth rate was essentially the same. Cell cultures 
between the 26th and 30th tissue culture passages grew at a very 
slow rate and never formed a monolayer, although their morpho-
logy did not change. There was a tendency for cellular lysis 
with no cell inC4':ease. This is demonstrated in Table 2 where no 
cell increase was found in two out of three cultures at the 30th 
tissue culture passage. The loss in cell numbers was compensate 
for by reseeding cells in a smaller volume of medium. The growth 
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lag encountered at these passage levels is probably indicative 
or cell transrorma'tion. Cells in the 24th tissue culture pas-
sage have been shown to have the normal chromosome nunber for 
guinea pigs. Further chromosome studies are being carried out 
to determine if a transrormation does take place between the 
24th and 30th tissue culture passages. 
A nomenclature for the human karyotype has been established 
but there is no established nomenclature for non-human karyo-
types. The human karyotype is based on centromere position and 
size of the chromosome. There are seven groups consisting of 
1) large chromosomes with median centromere., 2) large chromo-
somes with submedian centromeres, 3) medium-sized chromosomes 
with submedian centromeres, 4) medium-sized chromosomes with 
the centromere almost terminal (acrocentric), 5) quite short 
chromosomes with median or atbmedian centromeres. 6) short 
chrolJlOsOmes with median centromere. and 1) very abort acrocen-
tric chromosomes (114). A nomenclature for non-human karyotypes 
was proposed by Hare (47) at the Fifth Conference on Mammalian 
Cytology and Somatic Cell Genetics, 1966. The grouping of the 
chromosomes is based only on the centromere position and not on 
the size of the chroJa)some. The chromosome groups would be 
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1) metacentric chromosomes (median centromere), 2) submetacentric 
chromosome~ (submedian centromere), 3) telocentric chromosomes 
(centromere near the end of the chromosome) and 4) acrocentric 
chromosomes (terminal cent romere). This proposed nomenclature 
was employed for the grouping of guinea pig heart cell chromo-
somes. 
The ability of various media to support growth of guinea pig 
heart cells was investigated. Medium 199 supplemented with 10J1 
fetal ealf serum did not support growth (Table 3). The consti-
tuent amino acids and vitamins contained in medium 199 is simila! 
to that contained in the standard growth medium employed (FCloME~ 
Hanks'), although there is some differnnce between the concentra-
tions. However, one component of the standard growth medium not 
contained in medium 199 is sodium pyruvate. The amino acid and 
vitamin requirements and the need for sodium pyruvate for growth 
of guinea pig heart cells has not been determined. This study 
was not intended to ascertain the exact nutritional requirements 
for growth of gu mea pig heart cells nor to devise a new medium 
but was concerned with the ability of the cells to grow on stan-
dard tissue culture media. 
A medium composed of 6()1)5 Scherer's maintenance medium, 30% 
_diu. 199 and 10$ f .... l cali' .. hit (FC1d'S6019930) also did DOt 
support the growth of guinea pig heart cells. The Seberer's 
maintenaace 801ut10n cootains sodium pyruvate but only tour amine 
acid.. Since 6tlii ot tbe madiuQj was composed of Scherer'. _inte .. 
unee _diua, the a.ino acid eoneentra:tioa ay DOt bave been suf. 
ficient tor growtb of tbe cell •• 
A .diu. compo .. d 01 6}b MiN in Hanks' balaaeed salt solution 
suppl._ted with lQ1 equine .. xua (ES1oMBMH ... ·) ... pported 
growth O'L gui .... pig bean cell. with a cell iDcrea .. of 41 to 
''''. 'I'hi. was .imilar to the grOW'th ~ tb. cella Oft the s1a.ftdard 
growth -.diult (PCloMltNfanks') ill this pal"ticulu expert_Dt. 
However, oalls gZ'Own on _ MSN in Hanks' ba1allced salt 1I01ut1oo 
supp1_.nted with las f.tal call' .. nm normally gave a ... dl 
higher iDcrea... Therefore, a ponion ot thia experi1f8ttt .. a 
repeated .en 'e.tiag tbe .. CUll concentration require.nta of 
guiDea pig heart cells (Table"'). It was found tbat the Inc" .... 
in cell _1Ibe1'$ ranged from 117 to 44~ when the cells weI'. grown 
on the S'tUldard growth _dium. A 10J6 equine .. rum concentration 
gave only a 1 to :lQC cell i.nc ........ but tbe viability o-L t,he cell. 
I'anged ~1'0lI 91 to 9";. It appears that 1t 1. po.aible tbat 9td.-
nea piG b ... n cell. can be adapted to grow OIl lew equine sena. 
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Medium supplemented with '" ietal eali "rum (FCSMBM Hanks t ) 
supported growth of guinea pig heart eells for the iirst and se-
cond tissue culture passages but not the third. The first pas. 
sage had a eell increase ot 129 to 2641'_ This increase had 
dropped to 0 to 144" upon second passage. The results show that 
the eells can be grown tor one transfer on '" fetal ca.lf serum 
with ftO drop in cell increase or viability. The cell. can be 
ainta1.ned inde:linitely on " tetal calf' serum (Table 1). 
When the :letal cali serum concentration i. decreased to ~. 
guinea pig heart cell. Show an increase of only 24 to ?~ on 
tirat tissue cul tu re passage and no lncrease on the second pa .... 
sage. Proll these results, a lCM fetal cal:f serum concentration 
i. necessary tor consistent growth of guinea pig heart cells. 
The possibility of growing the cells on newborn cal:f or calf 
serum was not investigated. 
Although cells seeded on ~ fetal calf serum showed only 
limited growth for III short periOd oi time, they were maintained 
with this serum concentration with a viability of 93 to 96~ after 
a 14 day incubation period. The cells were not maintained after 
an additional 1 day period of incubation on this serum concentra-
tion. Guinea pig heart cells could not be maintained on a. mad-
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ium in the absence of a serum supplement. 
Guinea pig heart cells stored at 36 C without transfer for 
one year, with medium renewals at one WQek intervals were 65 to 
1~ viable. Serial transfer of these cells gave a cell increase 
ranging from 287 to 900}$. This percent increase is comparable to 
the growth of cells in earlier pass.ages (note Table 1). This 
indicates that cells that have had frequent medium renewals. but 
have not been transferred, grow better than cells that have been 
continuously subcultured. The stored cells bave grow1b character 
istics similar to early tissue culture passages rather than the 
later passages of guinea pig heart cells. Although the viability 
was lower for cells just removed from storage, the viability re-
turned to normal on serial transfer. 
Cells stored at 36 C with medium renewals at one month inter-
cals had normal viabilities when removed from storage. However, 
they did not maintain as well as the cells that had medium renew-
als at one WQek intervals. After 6 months of storage the cells 
would not grow on serial transfer and at'ter 9 months the cells 
completely lysed on transfer. from the original culture (Table 8) 
This indicates that a medium renewal at one month intervals is 
not adequate for maintenance of the cells. The pH determinations 
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made on the medium removed from guinea pig heart eell cultures 
stored at 36 C showed that the cells were in a very low state 
of metabolic activity during storage, sioce the pH never became 
extremely acid. Cells stored at 36 C with medium renewals at 
one week intervals could be useful for long term metabolic stu-
dies sinee the cells maintain well with a high viability. 
Glycerol has been successfully used as a preservative for 
storage of cells in the frozen state (93, 104, 136). One of the 
problems in freezing cells is ice tormation below 0 c. Upon 
formation ot ice there is an inereased concentration of electro-
lytes in the remaining fluid (81). Glyeerol acts by binding 
water and preventing ice formation. However, the water is still 
available as a solvent and thereby there is no increase in elec-
trolyte concentration (93). 
Guinea pig heart cells have been successfully stored at the 
frozen state using 5% glycerol as a preservative, After one 
month of storage, the cells had an average viability of 57.3% 
and on the seeond and third serial transfer gave cell increases 
between 125 to 223%. After 6 months ot storage the viability 
had dropped to an average of 25.7%. The cells were able to be 
transterred and had normal viabilities and percent eell increase. 
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Cells stored in the frozen state using 15% glycerol as a preser-
vative had initial viabilities ranging from 83 to 8~, but could 
be successfully transferred only after one month of storage. 
After two and three months of storage the cells lysed on initial 
transfer. The effectiveness of 10% glycerol as a preservative 
has yet to be demonstrated. 
It has been shown that glycerol can be toxic for cells (93, 
104). A subline of L cells was unable to be recovered after 
freezing with glycerol (93). Porterfield and Ashwood-Smith (104) 
showed that a concentration of l~ glycerol for freezing of 
chick embryo fibroblasts was satisfactory for recovery, but that 
a concentration lower or higher than this was not. In comparing 
the preservation effects of glycerol and dimethylsulphoxide they 
found the latter to be superior in the freezing of chick embryo 
fibroblasts and human embryo lung cells. Cells seeded after 
freezing were grown in a medium containing 2.5% glycerol or di-
methylsulphoxide for preservation demonstrated the usefulness of 
dimethyl sulphoside for preservation of chick embryo fibroblasts 
and human embryo kidney cells. It would be of interest to do a 
comparative study on the freezing of guinea pig heart cells in 
the presence of dimethyl sulphoxide and glycerol. 
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Guinea pig heart cells were successfully stored both at 36 C 
and in the frozen state. A comparison ot the two methods ot 
storage revealed that cells have a better initial viability and 
a greater percent cell increa.e when stored at 36 C with renewal 
ot the medium at one week intervals. However, this method of 
storage requires time tor addition of medium with a resultant 
risk of contamination of the cells. Storage of cells in the 
frozen state .akes available a source of cells that requires no 
attention and involves no risk ot contamination. However, a 
laboratory without freeaing facilities would still be able to 
store guinea pig heart cells at 36 C with relatively little time 
and eftort. A policy of not changing the medium on all sto red 
bottle cultures on the same day would minimize the possibility 
o~ 108S o~ the cells due to contamination. 
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CHAPTBR III 
'fIG SUSCBPl'IBILITY OF GUINBA PIG HEAla CIi..LS TO MUMPS VIRUS 
1ft' roscat iOft_ 
..... virua ta cla.si:fied with the M¥X'oviru ... , subgroup 
Paraa,xoviru ... , which alao includes Newca.tle di.ea •• virus 
and paraiDtluenaa. types 1, 2,. 3. ", and 5. It i. a RNA~ibo­
nucleic acid) ooft'aining virus with helical ay""rv and an 
envelope. The nucleoprotein helix ts single.s'randed and bas 
a diallltter o~ 15-18 .... The aiae O'L _aps virus particl.. va-
rte. ~ro. 150-250 ... (160). 
Mump. virus agglutinate. chicken. guinea pig and bUIIaD ·Olt 
red blood cell. (78) and po ....... a hemolysin (81). It shows 
,he property 0'1 he .. dsorp-tion in _DIpS virua ild.cted cell cul-
tures. Iat'eotiou. virus i. destroyed by etber, f'ol'_lln, beta-
propiolactoae and ultraviolet 1Igb'_ Inf.ctivity i •• ,able 
bet .... the pM range oL 6 to 8. No antiv_ic 4U1'8r_oe. have 
b .. n tound be' ... n the v-ariou •• train. of' _ap. virus denotinQ 
'he tae' ,hat there i. only one an'igenic type (60). 
The etiology o£ _arp. was establish.d by Johnson and Good-
pasture (65). They were abl. to t ran.,tit the di ..... '0 rbe.s 
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monkeys by inoculation of the paro.tid glands through St en sen , s 
duct with filtered and nonfiltered saliva from patients with 
parotitis or emulsions of the parotid glands of infected monkeys 
Serial passage of virus through seven generations in monkeys was 
accomplished (65, 66). Enders at ale (30) also transmitted mump 
to monkeys (Macacus mulatta) by inoculation of saliva from 
patients via Stensen's duct. Habel (44) was the first to propa-
gate mumps virus in the embryonated hen's egg. Suspended tissue 
cultures composed of fragments of the amniotic membrane of the 
chick embryo were shown to support the growth of mumps virus 
(156) • 
Since the earlier successes in propagation of mumps virus, 
many types of cell cultures have been investigated for their 
ability to support the replication of the virus. A cytopathic 
effect (CPR) in HeLa and monkey kidney epithelium cell cultures 
of embryonated hen's eggs has been demonstrated (51, 54). Pro-
pagation of the virus in serial culture was, however, accomp-
lished only with early amniotic strains. Primary isolation of 
mumps virus from saliva of patients with parotitis was success-
ful. Lasso et ale (71) did not obtain a CPE in HeLa cells with 
either an amniotic or allantoic passaged virus, but did demon-
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strate the presence of viral antigen by the fluorescent antibody 
technique. Neither fluorescence nor infectious virus was detect. 
able with an allantoic strain on serial passage in HeLa cells, 
but the amniotic strain Showed both. 
Mumps virus has also been shown to produce a CPR with multi-
plication in chick embryo cell cultures (138, 42). Gres.ser aJrl 
Enders (42) were able to demonstrate CPR and multiplication of 
mumps virus in human amnion cell cultures, although Takemoto and 
Lerner (144) were unable to do so. An explanation for this migh1 
be: the fact that Takemoto and Lerner used a mumps strain which 
had been grown in the chick embryo. Gresser and Enders were alsc 
unable to obtain a CPE with an egg-adapted mumps strain but ob-
tained positive results with a strain which had been isolated 
initiallY in human amnion cells. 
Other cell cultures that have been shown to support the mul-
tiplication of mumps virus with a cytopathic effect are human 
embryo intestine (Intestine 407), human embryo liver (Liver 407) 
intestine-Chang, liver-Chang, kidney and conjunctiva-Chang, humar. 
embryonic skin and muscle (MAF-E), normal human liver (R) and a 
cell line from human carcinoma of the mouth (KB) as well as a 
cell line from human carcinoma of the cervix (HeLa) (23, 52). 
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In the above cell cultures, an allantoically-adapted mumps strai~ 
(Barnes) initially showed a CPE, but it could not be maintained 
in serial passage. Human embryonic lung (Lung To) and a cell 
line derived from the bone marrow of a leukemic patient (MeN) 
only showed a slight CPE when large concentrations of virus were 
inoculated and this CPE was lost on continued passage. However, 
the presence of virus was established in the cells not showing 
CPR by subculture in HeLa cells. 
Brandt (7) studied the cytopathic effect of mumps virus in 
five mammalian cell cultures; human laryngeal carcinoma (HEp-2), 
normal mouse epithelium (Earle's L cells ), dog kidney, guinea 
pig kidney and monkey kidney. Cytopathic inclusions were formed 
in all cell cultures except guinea pig kidney, in which one 
strain of mumps virus (Lawn), in low amniotic passage, produced 
giant cells while another strain (Enders), at different passage 
levels in eggs (3rd, 39th, and 88th), produced no evidence of 
CPR in any form. Only low amniotic passaged virus was able to 
be serially passaged in HEp-2 cells and produce inclusions in 
dog kidney cultures. The Enders strain of mumps virus was suc-
cessfully passaged in L-cells. ¥wmps antigen was shown to be 
present in the cytoplasm of infected HEp-2 and L-cell cultures 
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by the fluorescent antibody technique. Inclusion body formation 
by mumps virus has also been demonstrated in explant cultures of 
the chorioallantoic membrane and the amnion of embryonated hen's 
eggs (6), in HeLa cells (77), in chick embryo cell cultures (42) 
and in human conjunctiva cells (152). 
Growth of mumps virus with no cytopathogeneeity has been 
observed in mouse embryo tissue cultures (71). The presence of 
infectious virus was detectable by inoculation into embryonated 
hen f s eggs. A study of various mouse tissues, mammary gland, 
placenta, liver, brain, a mixture of cella from adult organs, a 
mammary adenocarcinoma and a hepatoma of mice, failed to show 
the presence of infectious virus. 
The establishment of persistently infected cell cultures wit~ 
mumps virus has been accomplished. M:N and Lung To cell cultures 
have been shown to carry mmmps virus for over 18 months (53). 
The presence of virus was determined by subinoculation in HeLa 
cells or the embryonated hen's egg. Walker and Hinze (152) 
successfully established a carrier state of mumps virus in human 
conjunctiva cells. This carrier state was dependent on t.he con-
centration of serum in the medium. A 2% serum concentration 
resulted in destruction of the cells by the virus whereas a con-
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cent ration of 10% or more resulted in the production of a carrie! 
state in the cells. One line of carrier cells has been subcul-
tured 100 times over a 3 year period. Although the original 
virus produced a CPR in several cell lines, the virus maintained 
in the carrier state did not. Cell cultures of human conjunctiva 
HeLa, human tonsil, human liver and monkey kidney cells were tes-
ted for CPR without success. However, the above cell cultures 
did show the presence of virus by the phenomenon of hemadsorp-
tion with chicken erythrocytes. Primary cell cultures of swine 
kidney, chick kidney and chick embryo lung were also stUdied for 
the development of CPR without success. The hemadsorption tech-
nique in human conjunctiva cells was therefore employed to de-
termine the presence of virus. 
In recent years, various primary cell cultures and establi-
shed cell lines have been studied for production of CPE by mumps 
virus. Primary marmoset and rhesus monkey kidney, human kidney, 
diploid human embryo, HEp-2 and HeLa cells have been examined 
but none of these showed a reproducible CPE (134). A new mumps 
neutralization test utilizing an interference phenomenon between 
mumps virus and vesicular stomatitis virus in MeN cells has 
recently been developed due to the difficulty of reproducing 
CPE (24). 
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The studies reported in this chapter were designed to invest 
igate the susceptibility or guinea pig heart cells to mumps viru 
as evidence by a cytopathic errect and viral multiplication. 
MJmps strains in various stages or adaptat:.i,on to the embryonated. 
hen's egg were employed. The replication process was studied 
by the development or a cytopathic erfect, by hemadsorption and 
hemagglutination. and by the acridine orange staining technique. 
The replication pattern or mumps virus after initial inoculation 
and after serial passage in guinea pig heart eell cultures was 
followed. 
Materials and Methods 
Cell Cultures 
Cell cultures were grown and maintained as described in 
Chapter 2. 
Viruses 
MUmps virus strains were received from Dr. G, Shramek, 
Presbyterian-St. Luke's Hospital, Chicago, Illinois. Four stra" 
which had been cultivated in embryonated hen's eggs were em-
ployed. These were 1) Ricki (Ri) in the 9th amniotic passage, 
2) Wilkes (Wi) in the 13th and 14th amniotic passages, 3) Jones 
(Jo) in the 6th, 16th and 17th amniotic passages and 4) Barnes 
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(Ba), a strain adapted to the allantoic cavity. The Jones and 
Wilkes strains have been shown to be free from me~Ders of the 
avian leukosis complex. 
Virus Titrations 
Cell cultures were seeded in tubes at 60,000 to lOO,OOO/ml 
in one ml amounts. Upon formation of a monolayer, 0.2 ml of 
virus in ten-fold serial dilutions prepared in Hanks' balanced 
salt solution was added, using 4 to 8 tubes, per dilution. Non-
infected controls were included. The cultures were incubated at 
36 C in stationary culture. The cells were observed for CPE for 
varying lengths of time up to 28 days with no medium changes. 
The cytopathic effect was graded from a 1 to 4+ which was equiva-
lent to 25 to 100% destruction of the cell monolayer. A 2+ or 
S~ cell destruction was considered the endpoint for calculation 
of the SQ% tissue culture infective dose (TCIDSO ) by the method 
of Reed and Muench (108). Cell cultures which showed a 2+ or 
greater CPE at the endpoint dilution were used for serial passage 
of the virus. Blind passages were also made on all infected cell 
cultures Showing no CPE. All passages were made 7 days post-
infection. The remaining cells were scraped into the medium from 
the glass surface, frozen and thawed three times and eentrifuged 
i ( 
I I ' 
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at 1,000 rev/min in an International centrifuge for 10 minutes 
to remove cellular debris. Fresh monolayers w~~e inoculated 
with the harvest in ten-fold serial dilutions. 
Hemagglutination and Hemadsoretion 
An assay for viral hemagglutinins was carried out on the 
medium of infected eell cultures before and after disruption of 
the eells. Two-fold serial dilutions of the harvested fluids 
were made in veronal buffered saline (pH 7.2) with a final vol-
ume of 0.4 ml. Two-tenths ml of l~ chick red blood cells suapea 
ded in veronal buffered saline were added. The veronal buffered 
saline was prepared as follows: 
0.510 g of 5 t 5-diethyl barbituric acid 
8.5 g of sodiumchhloride 
0.315 g of sodium diethyl barbiturate 
Dissolved in 800 ml of distilled water 
Solution then brought up to 1 liter 
May be sterilized by autoclaving 
The tests were incubated at 4 C for one hour and then read for 
hemagglutination. The reciprocal of the highest dilution show-
ing positive hemagglutination was taken as the endpoint. Origi-
nal virus pools were tested for hemagglutination content by the 
same procedure. 
The hemadsorption technique was used to detect the presence 
of virus in inoculated cell cultures. The medium was decanted 
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from infected cell cultures and 0.2 ml of 1% chick red blood 
cells was added. The cell cultures were incubated at 4 C for 
one hour and then washed two times with cold Hanks' balanced 
salt solution. The cultures were observed for the presence or 
absence of hemadsorption. 
Infectivity in Embryonated Hen's §Q9S 
Tissue culture harvests of serially passaged virus, as des-
cribed above, were inoculated in 7 to 8-day old embryonated 
hen's eggs by the amniotic or allantoic route. The fluids were 
inoculated undiluted and in ten-fold serial dilutions in 0.2 ml 
amounts; three to six eggs per dilution were used. After an 
incubation period of 6 days at 36 C, the amniotic or allantoic 
fluid. were removed and tested for the presence of virus by the 
hemagglutination technique. Positive egg fluids were pooled and 
passaged in ten-fold serial dilutions by the same procedure used 
for tissue culture harvests. 
Acridine OranQe Staining 
Cells were seeded on coverslips in Leighton tubes at 100,000 
per milliliter, in 1.S ml amounts. Upon formation of a monolayer 
0.2 ml of virus at a 10.1 dilution was added. The strains of 
mumps virus employed were 1) Rick! in the 9th amniotic passage, 
r 
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2) Jones in the 17th amniotic passage and 3) the Barnes allan-
toic strain. Coverslips were removed after 1, 2, 4, 6, 12, 24, 
48, 72, 96, 120, 144. 168 and 240 hours of incubation at 36 C. 
Two coverslips per hour were used. Noninfected eontrols were 
included. The coverslips were stained by the method of Starr 
et ale (139). The citrate-phosphate buffer (MCIlvaine's) em-
ployed in the staining procedure was prepared as follows: 
Solution A - 96 g of citric acid per 500 ml of distilled 
water (H3C6H307.HiD - Baker) 
Solution B - 142 9 of dibasic sodium phosphate per 500 ml 
of distilled water (Na2HP04 - Mallinckrodt) 
The two solutions were mixed in the proportions of 430 ml of 
solution A plus 237 ml of solution B. This represents a lOx 
stock buffer which was diluted 1:10 for use. The pH was between 
3.8 • 3.9. The fixative consisted of 1 part glacial acetic acid 
and 2 parts absolute ethyl alcohol. A stoek solution of acri-
dine orange (Harleco) was prepared by making a O.l~ solution in 
distilled water. The stock was diluted 1:10 in citrate-phos. 
phate buffer for use. The coverslips were stained by the follow-
ing'procedure: 
1) Rinsed once with citrate-phosphate buffer 
2) Placed in the aeid-alcohol fixative for 10 minutes 
3) Rinsed in 3 separate beakers of citrate-phosphate 
buffer 
4) Stained with 0.01% acridine orange for 4 minutes 
on a magnetic stirrer 
S) Rinsed once with citrate-phosphate buffer and then 
placed in a petri dish containing buffer on a 
magnetic stirrer for 1 minute 
6) Allowed to air dry 
7) Mounted with Fluoromount (Edward Gurr, Ltd., London) 
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The Fluoromount was diluted with xylene when it became too .ack. 
An AO-Spencer Fluorolume Model 645 fluorescent mirc~~~ope with a 
mercury vapor arc lamp (Osram HBO-200) was used to examine the 
slides. The exciting filter was Corning #5113, 2 mm thick (AO 
#695) and the barrier filter was E.K. #15 (AO #708). 
HematOxylin-Eosin Staining 
Cells were seeded on covers1ips at 100,OOO/ml in 1.S ml 
amounts. Upon formation of a monolayer, 0.2 m1 ofvirus, diluted 
to contain a known TcrDSO was added. At varying intervals cover-
slips were removed, washed twice with Hanks' balanced salt solu-
tion and fixed in methanol for 10 min. The coverslips were then 
air-dried and stored at 4 C prior to staining. The method of 
Harris (93) was employed for staining. Hematoxylin was prepared 
as follows: 
Solution 1 - Hematoxylin (Coleman & Bell Co.) - 1 g 
Ab~olute alcohol - 10 ml 
Solution 2 - Aluminum potassium sulfate - 20 9 
Distilled water - 200 ml 
Solution 1 was added to solution 2 in a 500 ml 
Ehr1enmeyer flask and brought to a boil and then 
zemoved from the flame. 
Mercuric oxide, 0.5 g, was added and the solution was 
brought to boiling three times. 
The solution was cooled rapidly, by placing the flask 
in cold water and stored in a screw cap bottle and was 
filtered each time before use. 
Preparation of stock Eosin solution: 
1) Eosin Y (Co1emanlc Bell Co.) - 1.0 9 
Distilled water - 20 ml 
2) The above mixture was then added to 80 ml of 9.5% 
alcohol. This furnished a 1% alcoholic stock 
Eosin solution. 
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A working solution was prepared by adding 75 ml of 80% alcohol tc 
25 m1 of the stock Eosin solution, to which was then added 1 or 
2 drops of glacial acetic acid. Ammonia water used in the stain-
ing procedure was made by adding a few drops of eoneentrated 
ammonium hydroxide to approximately 50 ml of distilled water. 
Coverslip. were stained as described below: 
l) P1aeed in hematoxylin for 2 minutes 
2) Rinsed in distilled water 
! 
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3) Rinsed in ammonia water 
4) Rinsed in distilled water 
5) Rinsed in 95% alcohol 
6) Placed in eosin for 4 minutes 
7) Rinsed in 95% alcohol 
8) Rinsed ill 95% alcohol 
9) Rinsed in absolute alcohol 
10) Rinsed in absolute alcohol 
11) Rinsed in xylol 
12) Rinsed in xylol 
13} Rinsed in xylol 
14) Air-dried and mounted on slides with Permount 
(Fisher Scientific Co.). The Permount was 
diluted with xyle~ when it became too thick. 
In some instances it was found better to omit 
one of the steps (7 or 8). 
Photography 
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Pictures were taken with a 35 rom Camera Back (Cat. No. 1053) 
manufactured by Kodak and adapted for use with AO microscopes. 
Kodak.Type B, high speed Ektachrome, F~B 135-20, film was used 
at lOOK magnification. Exposure time for hematoxylin-eosin was 
0.4 second and for acridine orange, 30 seconds. 
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TABLE 12 
Titers of Mumps Virus (Ri amniotic-9) upon Serial Passage 
in Guinea Pig Heart Cells after Various Days of Infection 
TCID50 as Measured, by TCID50 as Measured by 
Experiment Tissue Cytopathic Effect Hemadsorption 
Number Culture 
Days after Infection Days after Infection 
Passage 
5 7 14 21 28 7 14 28 
1 1 5.3b 5." 5.7 NRC NRC 7.2 7.2- NR (1_10)a 
2 <:1 <1 <.1 NR NR 2.7 NR NR 
2 1 4.2 5.2 5.2 NR NR 5.2 5.2 NR 
(5.10) 
2 < 1 <1 1.7 1.7 NR NR 2.2 NR 
1 2.2 3.2 3.2 3.3 3.3 3.2 3.2 3.2 
3 
(15-20) 2 2.2 2.3 NR 4.7 4.7 4.2 NR 6.2 co 10 
3 3.3 4.1 4.1 4.1 4.1 4.2 NR NR 
pa 
TABlE 12 (contt.) 
TCIDSO as Measured by TCIDSO as Measured by 
~xperiment Tissue Cytopathic Effect Hemadsorption 
~ber Culture 
Days after Infection Days after Infection 
Passage 
S 7 14 21 28 7 14 28 
4 3.2 'NR 5.1 S.1 NR NR NR NR 
3 S <I 2.2 3.1 NR NR. 2.7 3.1 NR 
(15-20) 
6 3.1 3.3 S.2 NR NR 3.2 NR NR 
7 NR 3.7 4.0 NR NR NR NR NR 
4 1 NR 6.7 7.2 NR NR NR NR NR 
(lS-20) 
2 < 1 ~l 2.8 NR NR NR NR NR 
1 NR 6.3 6.3 NR NR NR NR NR 
5 
(20-25) 2 lilt 3.2 3.2 .. tm NR NR NR 
3 NR 3.2 4.4 NR NR NR NR NR 
6 1 5.0 7.4 NR NR NR 6.7 NR NR \0 (25.30) 0 
2 2.2 2.8 3.1 3.1 NR NR 3.2 NR 
p 
TABLE 12 (con't.) 
TClD 50 as Measured by TCID50 as Measured by 
Experiment Tissue Cytopathic Effect Hemadsorption 
Number Culture 
Days after Infection Days after Infection 
Passage 
5 7 14 21 28 7 14 28 
1 4.1 5.2 5.7 5.7 5.7 5.7 NR 6.2 
2 <1 <1 2.3 3.0 3.2 , 1 NR 3.7 
7 
(30-35) 3 ,1 ,1 (; 1 <;.1 <1 ~l NR. NR 
4 <1 4.0 4.0 4.0 4.0 NR NR. NR 
5 2.2 3.2 3.9 NR NR 4.2 1m NR 
a Tissue Culture Transfer Level 
b TCID50 log lOlml 
c No Reading 
10 
f-' 
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tion was shown by HAD in experiment 3. There was no evidence of 
HAD in experiment 1 by day 1. Where further tissue culture pas-
sages were made (in Exp. 3 and 1) the TC1DSO by CPE was 104 •0 
and lOS.l/ml, respectively, on fourth passage and from this pas-
sage on viral multiplication occurred. The random HAD readings 
in these passages also showed evidence of multiplication. The 
drop in titer obtained in experiment 3 on the 5th tissue culture 
passage is explained by the fact that the virus was thawed and 
refrozen before passage. There was no difference due to the tis-
sue culture transfer level of the cells in susceptibility to 
mumps virus between the 1st and 35th subcultures employed. 
The titers obtained after infection with mumps virus at 
various passage levels in embryonated hen's eggs are shown in 
Table 13. Mumps virus in the sixth amniotic passage reached a 
CPR titration endpoint of lOS.2/ml in 8 days on first tissue 
culture passage. Some CPE was evidenced on second passage by 
day 14. The amniotic-l3 and amniotic-14 passages of mumps virus 
had CPR endpoints of 103. 3 and 10S.2/ml, respectively, in 9 days 
on first tissue culture passage. The maximum HAD titers were 
105 •2 and l06· 2/ml, respectively. The amniotic-14 passage virus 
showed some evidence of CPE by day 11 with a titer of lol·9/ml 
TABLE 13 
Titers of Mumps Virus at Different Passage Levels ~ Eggs upon 
Serial Passage in Guinea Pig Heart Cells after Various Days of Infection 
TCID50 as Measured by Cytopathic Effect Maximum TCID 50 Passage Level Tissue 
as Measured by 
in Embryonated CUlture Days after Infection 
Hemadsorption 
Eggs Passage 
7 8 9 11 14 
Amniotic-6 1 <.la 5.2 5.2 Nab NR 
NR 
(..10) 2 ,(1 NR NR NR 2.8 
Amniotic-13 1 -<1 2.7 3.3 3.3 NR 5.2 (Wi) 
Amniotic-14 1 4.7 NR 5.2 NR NR 6.2 
(Wi) 2 <1 <1 <1 1.9 NIl 2.4 
Amniotic-16 1 5.2 5.2 5.2 NR NR NR 
(.)'0) 2 <.1 <1 ,(,1 <1 NR 2.2 
~ 
w 
r ~------------------------------------------------------------------------------__ ..... ,
TABLE 13 (contt.) 
Passage Level rtissue 
TOIDSO as Measured by Cytopathic Effect Maximum TOlD SO 
as Measured by 
in Embryonated Culture Days After Infection 
Hema.dsorption 
Eggs Passage 
7 8 9 11 14 
Amniotic-17 1 4.2 NIl 4.2 NR 4.7 NR 
(Jo) 2 <1 < 1 <. 1 <1 <1 NR 
3 <1 <1 <1 <.1 <1 NR 
1 <1 NR 2.2 2.2 2.2 2.2 
Allantoic 2 <1 <1 < 1 <1 <'1 <1 
(Sa) 3 < 1 <.1 <1 <.1 < 1 <.1 
4 <1 <1 <1 <1 <1 NR 
Allantoic 1 3.2 3.2 3.2 3.2 3.3 4.2 
(Ba) 2 <1 < 1 <1 < 1 NR <..1 
a TCIDSO log 10lm1 ) No Reading . 10 
.t> 
9S 
and an HAD titer of 102·4/ml on second tissue culture passage. 
The amniotic-16 passage had a maximum titer o~ lOS.2/ml in 7 
days on first ti~sue culture passage. Although no evidence o~ 
CPE was obtained on second passage, hemadsorption was present 
with a maximum TCIDSO of l02.2/ml. Both the amniotie-17 and 
allantoic passaged mumps virus showed a CPR on first tissue cul-
ture passage. However, serial passage failed to ahow evidence 
of viral multiplication. Hamadsorption readings made with the 
allantoic passaged virus were in agreement with the CPR results. 
The characteristic cytopathic effect produced by mumps virus 
in guinea pig heart cells is complete cellular lysis. A nonin-
feeted eell monolayer is shown in Fig. Sa. The cells are ~ibro-
blastic in appearance. Infected cell monolayers first show evi-
I 
dence of CPE by a rounding and eventual lysis of the cells in 
small areas of the monolayer (Fig. Sb). Cellular lysis then pro-
ceeds to involve the whole monolayer with lower dilutions of 
virus. Figure Sc shows a 3+ stage of CPE. Some rounded cells 
and cellular debris from lysed cells are evident, although heal-
thy normal cells are still present. Figure 5d represents a stage 
of complete destruction of the monolayer by mumps virus. 
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a b 
c d 
Fig . 5,. Cytopathic effect of mumps virus ( i ) in guinea pig 
heart cell culture; ( a ) noninfected culture ; (b ) early stage 
of cytopathology ; ( c ) advanced stage of viral infection , 
representative of a 3+ CPE ; (d ) compl ete destruction of the 
cell monolayer . Hematoxylin and eosin stain. xlOO . 
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The Ricki and Barnes strains of mumps virus were used in 
the study for the detection of hemagglutinins a~d egg infecti-
vity. Although the original virus pool of the Ri strain in the 
9th amniotic passage had a hemagglutination titer of 1024, no 
detectable hemagglutinins were present after four serial passages 
in cell culture. The strain adapted to the allantoic cavity (Ba~ 
with an original titer of 256, showed no hemagglutinins upon 
initial tissue culture passage. Testing for the presence of 
hemagglutinins was then discontinued. Table 14 presents the egg 
infectivity of mumps virus after serial passage in guinea pig 
heart cells. The amniotic-9 strain (Ri) was still infectious 
for eggs after the seventh tissue culture passage. The presence 
of v.irus determined by subinoc~lation into eggs is in agreement 
with the results obtained by CPE and HAD (Table 12, Exp. 3). 
Although the allantoic strain (Sa) of mumps virus showed the 
presence of virus after the :first tissue culture passage, no 
virus was detected by subinoculation into eggs after the second 
and third tissue culture pasaages. Virus was not detectable by 
CPR and HAD in these passages (Table 2, allantoic). Thus no 
viral multiplication was evident with the allan~oic strain. 
TABLE 1k 
Infectivity of Mumps Virus in Embryonated. Hens' Eggs 
after Serial Passage in Guinea Pig Heart Cells 
Passage Level 
in Embryonated. 
Eggs 
Amniotic ... 9 
(Ri) 
Allantoic 
(Ba) 
Tissue 
Culture 
Passage 
1 
3 
4 
7 
1 
2 
3 
a first egg passage El = 
Presence of Hemagglutinin 
in Embryonated. Eggs 
E1Q E a 2 E3a 
.b + + 
+ + + 
+ + + 
+ + 
c 
+ + 
b 
+ hemagglutinin present 
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E2 = second. egg passage c no hemagglutinin present -
E3 = third. egg passage 
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Using the acridine orange staining technique, the Ricki 
strain of mumps virus (amniotic-9) in the first tissue culture 
passage showed the presence of viral RNA one hr after infection 
(Table 15). This was evidenced by the presence of intensely 
stained orange particles in the cytoplasm, which were not pre-
sent in the noninfected controls (Fig. 6a & b). Fig. 6b shows 
the presence of viral RNA as a round orange body in the cyto-
plasm of a cell appearing in the center of the monolayer. The 
viral RNA persisted for 4 hrs after infection, but was no longer 
detectable at 6 hra. Inclusions were seen in the cytoplasm at 
6 hrs and increased in number at 12 and 24 hrs. The development 
of these inclusions followed a sequence. Initially cells were 
observed with only one or two small inclusions. Next, there 
was an increased number of small inclusions wiich were diffuse 
throughout the cytoplasm (Fig. 6c). Fig. 6c shows these inclu-
sions as round black bodies in the cytoplasm. The inclusions 
apparently coalesced to form one or more large inclusions, which 
in many instances filled the entire cytoplasm. A reduction in 
the number of inclusions occurred at 48 hrs post infect ion and 
at 72 hrs very few cells contained inclusions. At this time 
beginning cellular lysis was evident. At 120 and 144 hrs there 
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TABLE 15 
Presence of Viral RNA and Inclusion Pormation 
with Mumps Virus (amniotic-9) upon Serial Passage in 
Guinea Pig Heart Cells after Various Hours of Infection 
ours Post TC_la TC ... 2 TC-3 TC-4 
nfection 
1-11 Tissue 
~lture RlfAb I C RNA I RNA I RNA I 
1 +d e + + .. ... 
-
... 
-
2 + 
-
+ 
-
+ .. ... ... 
4 + ... 
-
+ 
-
... + 
-
6 ... + 
-
+ ... + ... + 
12 
-
+ .. + .. + ... + 
I 24 - + + + - + + + 48 - + + + - + + + , 
72 ... + + + ... + + + 
96 ... + + + + + + + 
120 + + + + OPE OPE OPE OPE 
144 + + OPE OPE 
168 CPE OPE 
240 + + 
~ Tissue Culture Passage of Virus d Present 
Presence of RNA e Not Present 
c Presence of Inclusions 
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a b 
c 
Fig. 6. Guinea pig heart cell culture stained by the acridine 
orange technique after infection with mumps virus; (a) non- " 
infected culture; (b) appearance of viral RNI as intensely 
stained orange particles in the cytoplasm of infected cells; 
(c) presence of multiple inclusions. x 100. 
r 
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were still only a very few cells with inclusions and viral RNA 
was present in the cytoplasm. By 168 hrs cell destruction was 
sO complete that it was impossible to ascertain the presence of 
virus. However, by 240 hra the few remaining intact cells 
showed inclusions in all stages of development and some cells 
showed the presence of viral RNA. 
The second tissue culture passage of the Ricki strain showed 
the presence of viral RNA at one hr post infect ion, which disap-
peared by the fourth hr. InclUsions were present at 4, 6, 12 
and 24 hrs. However, by 48 hrs there were very few cells with 
inclusions. At 24 hrs a small amount of viral RNA was present 
which increased at 48 hrs. By 72 hrs, beginning CPE was evi-
dent. Viral RNA was present at this time but decreased in 
amount. At 96 hra CPE was more extensive, although some of the 
remaining intact cells contained viral RNA and some contained 
a large number of small inclusions. CPE was so extensive by 120 
hra that interpretation of the slide was difficult; inclusions 
and viral RNA were present. At 144 hrs cellular destruction was 
complete. 
The third tissue culture passage showed the presence of 
viral RNA after one hr, but none was evident by the fourth hr. 
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No inclusions were seen until 6 bours postinfection. At this 
time a very few cells contained small multiple inclusions. The 
number of inclusions increased slightly at 12 hrs a.nd reached a 
maximum at 24 hrs. Very few cells containing inclusions were 
seen at 48 and 72 hrs. Viral RNA appeared at 96 hrs. A few 
cells containing inclusions persisted. A one plus CPEwas evi-
dent at this 96 hr period and by 120 hrs cellular destruction 
was complete. 
Viral RNA was not detected until the fourth hr postinfec-
tion with the fourth tissue culture passage of the Ricki strain. 
This disappeared by the sixth hr. .A few cells conta !ned small 
multiple inclusions at 6 hrs. By 12 hrs inclusions were in-
creased in number. A small amount of viral RNA was present at 
24 hra and the number of inclusions decreased slightly. By 48 
hra viral RNA was increased and there was a marked reduction in 
the number of inclusions. Viral RNA was present and a f~w cells 
contained inclusions after 72 and 96 hrs. CPE was evident after 
96 hrs and was complete by 120 hrs. 
The allantoically adapted virus (games) showed a different 
pattern from the Ricki strain (Table 16). Viral RNA was present 
one hr post infection and persisted up to the stage of complete 
r 
104 
TABLE 16 
Presence of Viral RNA and Inclusion Formation 
with Mumps Virus (allantoic) upon Serial Passage in 
Guinea Pig Heart Cells after Various Hours of Infection 
Hours Post TO_1a TC-2 
Infection 
in Tissue 
Culture RNAb IC RNA I 
1 
2 
4 
6 
12 
24 
48 
72 
96 
120 
144 
168 
240 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
OPE 
e 
-
+ 
+ .. 
+ 
+ 
+ 
+ + 
+ + 
+ 
+ 
~ Tissue Culture Passage of Virus 
Presence of RNA 
c Presence of Inclusions 
+ 
+ 
+ 
+ 
TC-3 TC-4 
I RNA 
-
+ 
+ 
-
+ 
+ ... 
... 
+ 
+ + 
+ + 
+ + 
.. 
-
d Present 
e Not Present 
I 
-
... 
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cellular destruction. The Ip.r~$t a.mount of vi.ra1 RNA was t'ouad 
after 48 to 72 hrs. The ~motlnt of viral qNt\ present at these 
t i._ was nuch greater than seen with the Rick! strain at a.ny 
stage cd in:taction. A fe. inclusions were present atter 6 hr •• 
An inCNaMd number ot inelusions was evident a1'ter 24 brs and 
the.. remained the same at 48 and 12 hI'S. By 96 hr. the Dumber 
o~ iaclusiona had deereaNd although tbey nill persisted at lao 
hours. B)1 120 !lou ... epn wa.s ."iete"t and cellular &ultNot1on .... 
co11lpl.'e by 144 bouS's. 
'lbe eecoftd, third, and fourth ti •• ue culture passages or tilt 
B&mes stl:Aib gave similar :ca.lts. Viza1 RNA was :tir_ evideat 
between 96 and 120 hours postiaiection. The RNA persisted 
through 168 hours. and had di.sAppeal'ed b)' 240 houra. Inclusion 
formation was evident betwe~n tn. 6th and 48th hours on the ..... 
cood and third t issue culture passao. but no 1nel.siona were 
On the first ti.8ue culture passage 01 tbe Jones strain 
(aadotic-11) viral aNA ... pr ... nt at one hr postWect1on but 
diappeared by 2 hr. (Table 17). At 6 bra a ~.w inclusions were 
seen and the mallbel' of tbe .. had increased 81iohtly bV 24 hra. 
laeluaion8 per8isted up to the sta.ge of collplete cellular des. 
" 
ii' I , 
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TABLE 17 
Presence of Viral RNA and Inclusion Pormation 
with Mumps Virus (amniotic-17) upon Serial Passage in 
Guinea Pig Heart Cells after Various Hours of Infection 
Hours Post TO_la 
Infection 
in Tissue 
RNAb I C Culture. 
1 .d e .. 
2 ... .. 
4 ... ... 
6 .. + 
12 .. + 
24 .. + 
48 • + 
72 + + 
96 + + 
120 CP& CPE 
144 
168 
240 
: Tissue Culture Passage of Virus 
PreseJ:l~ -: of RNA 
c Presence of Inclusions 
TO-2 
.. ... 
-
... 
.. .. 
.. .. 
.. .. 
-
+ 
... + 
.. ... 
... .. 
.. ... 
.. ... 
.. ... 
.. ... 
d Present . 
e Not Present 
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truction. Viral RNA was evident at 48 hrs at which time there 
was some evidence of CPE. Viral RNA was then present up to the 
stage of complete cellular destruction which occurred at 120 hrs 
The second tissue culture passage ox the Jones strain did 
not show the presence of viral RNA at any time post infect ion. 
At 24 hr. a few cells contained inclusions while at 48 hra a iew 
cells contained multiple inclusions. By 72 hrs the inclusions 
had disappeared but at no time was CPE evident. 
Discussion 
All strains o~ Dlluaps virus employed, irrespective of their 
passage history in eggs, Showed a cytopathic ettect with initial 
intection of guinea pig heart cells. Cytopatbogenicity for 
guinea pig heart cells, theretore, is not lost at any stage of 
adaptation to embzyonated hen's eggs. The dif~erence in titers 
obtained upon initial tissue culture passage of the amniotic-9 
virus (Table 12) is explained by the tact that different pools 
o~ virus were employed. Virus in tbe 6th, 9th, 13th and 14th 
amniotic passages showed a similar replication pattern on aeria 
passage in tissue culture. The decrease in titer between tbe 
first and second tis.ue culture passage, and in one instance 
bet ... en the first and third, indicated an adaptation requiremen 
r 
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for mumps virus in guinea pig heart cells. The one exception to 
this shown by the amniotic-9 virus (Table 12. Bxp. 3) cannot be 
explained. However, in this instance the initial passage showed 
a low titer of only 103.3/ml, whereas in all other cases the 
titer was at least lOS. 2/ 11.1. It would be of interest to compare 
the low titered amniotic-13, 103- 3/11.1, with the low titered 
amniotic-9 on serial passage. However, autointerference cannot 
explain these result. since only the endpoint dilutions were 
pa •• aged in ten-fold serial 4ilut10 ••• 
"rom the results obtained, it appears that _nips virus be-
co .. s attenuated between the 14th and 11th amniotic passage in 
eggs. The amniotic-14 produced a low titer ot 101 •9/11.1 (Table 
13) by cn and 102.4111.1 by HAD on second tissue culture passage, 
whereas the amniotic-16 and amniotic-11 showed no CPS on second 
tissue culture passage. However. the amniot1c-16 did show a 
titer ot 102· 2/ml by HAD indicating attenuation is probably not 
complete until the 11th passage in embryonated eggs. This ag-
rees with the work of Buynak and Hill.man (13) who found that 
the 12th amniotic passage ot vaccine strain of mumps virus 
(Jeryl Lynn) still showed some pathogenicity in children, caus-
ing slight parotitis, whereas the 11th amniotic passage pro-
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duced no evidence o~ disease. It is possible that guinea pig 
heart cells could be used to measure the degree of attenuation 
o~ egg-adapted mumps virus. MUmps virus in high egg passage 
may either be so tully egg-adapted that it will no longer multi-
ply in guinea pig heart eells, or that it may require more ser-
ial passages to become tissue culture adapted. Neither Gresser 
and anders (42) nor Takemoto and Lerner (144) could demonstrate 
multiplication or CPE with an egg-adapted mumps virus in human 
amnion cell cultures. Although no attenuation in tissue culture 
was obtained, mumps virus was serially passaged only seven times 
(Table 12, Exp. 3) and continued passage might show an attenua-
tion similar to that in eggs. Kilham and MUrphy (11) were able 
to adapt mumps virus to grow in suckling mice by continued pas-
sage in mouse embryo tissue cultures. This adaptation developed 
gradually between the 10th and 20th tissue culture passage. 
Although such adapted virus would multiply in the brain ot suck-
ling mice, no pathogenicity was evident. It appears that the 
virus was attenuated by serial tissue culture pas.age. Although 
eog attenuated mumps virus tails to multiply in guinea pig heart 
cells, a strain adapted to these cells might continue to multi-
ply upon attenuation. 
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Hemadsorption titration., using ~ chick erythrocytes, 
were carried out in parallel with CPR titrations. Endpoint 
determinations by hemadsorption showed this technique to be 
slightly more sensitive for the detection of mumps virus in 
tissue culture than CPl!. Occasionally, the presence of virus 
was detected by HAD when no CPR was evident (Table 12, Bxp. 1; 
Table 13, amniotic-16) or the titers obtained by HAD were 1 to 
2 logs higher than that by cn. The phenomenon of interference 
between mumps virus and vesicular stomatitis virus in MeN cells 
has been shown to be more sensitive a test than CPS in tissue 
culture (24). However, both the HAD and interference techniques 
are time consuming. The detect ion of uaU'aps virus by CPB re-
quires no additional treatment of the cell monolayer. The re-
su1ta obtained with mumps virus in guinea pig heart cells show 
that titration by CPE i. adequate for the detection of mumps 
virus in these cells, even though the technique is less sensi-
tive than HAD or interference. 
Guinea pig heart ee11s Show equal susceptibility to mumps 
virus, whether grown as a primary or continued ee11 culture. 
CPB was evident at any level from the 1st to the 35th subculture 
of the eells. 
r 
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Although hemagglutination was present in the original am-
niotic or allantoic pools of mumps virus. no hemagglutinin was 
detectable on tissue culture passage of the virus in either the 
medium or medium plus cells. This is in agreement with the re-
sults of both Henle and Deinhardt (51) and LeaBO et ale (11) who 
could not demonstrate the presence of hemagglutinin in mumps 
virus infected HeLa cell cultures. However. Henle and Deinhardt 
(51) were able to demonstrate hemagglutinin titers of up to 1:16 
in infected monkey kidney cultures. Hemagglutinin has been dem-
onstrated in suspension culture. of the amniotic membrane of the 
chick embryo (156). but was not detectable in fluids from mouse 
embryo tissue cultures (11). However, inoculation of eggs with 
fluids from infected mouse embryo cells showed the presence of 
virus. Smorodintsev et ale (138) demonstrated the presence of 
hemagglutinins in chick embxyo cell culture by amniotic inocula-
tion of embryonated eggs. Hemagglutinins were also detectable 
after amniotic or allantoic inOCUlation of eggs with fluids from 
infected guinea pig heart cells. Mumps virus in the 9th amnio-
tic passage level in eggs (ai) showed no decrease in infectivity 
for egg. after the 7th pas.age in tissue culture. It is possi-
ble that further serial passage of the ti.sue culture adapted 
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virus would show an adaptation requirement ~or eggs which could 
be used as a meature o~ attenuation o~ the virus. The allantoic 
mumps virus strain (8a) was in~ectious ~or eggs only after the 
~irst tissue culture pas.age. However, this is an indication 
o~ ~ailure to multiply in guinea pig heart cells rather than a 
developed adaptation requirement ~or eggs. 
The replication of mumps virus has been studied in vivo 
, .' ----......... 
and ~ vitro by the fluorescent antibody staining technique (20, 
19, 153, 154, 141, 11). Mumps virus IIlUltiplication in guinea 
pig heart cells was studied by the acridine orange staining tech 
nique. Three strains ot mumps virus at di~ferent levels of pas-
sage in the embryonated hents egg were employed. The amniotic-9 
(Ri) showed the presence o~ viral RNA both on initial and s.rial 
passage. However, viral RNA appeared 24 hrs post infect ion on 
the fourth tissue culture passage as compared to 120 hra on ini. 
tial passage. This would indicate an adaptation to guinea pig 
heart cells with more rapid viral multiplication. Although the 
ti_ o~ appearaace of viral RNA changed on .erial passage, the 
time at appearance ot inclusions was the same at all passage 
levels. The allantoically adapted virus (Sa) produced inclu-
sions at the same time as the amniotie .. g tor the tirst three 
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tissue culture passages although they did not persist, but in-
clusionformation was not present on the fourth passage. The 
presence of viral RNA was in sharp contrast to that of the low 
amniotically pas.aged virus. The presence of viral RNA even on 
the fourth tissue culture passage with failure to produce CPS 
could indicate the establishment of a very low level of multi. 
plication. Although HAD did not detect virus after initial 
passage, the interierence phenomenon might have done so. Tbis 
low level ot multiplication as revealed by acridine orange 
staining is in agreement with the work ot Shramek (134) who 
showed that .tully egg-adapted mumps virus was capable cd IIIIlti-
plying in mammalian cells !!!. vitro. The amniotic-I? passage (Jo 
presented a picture similar to the amniotie-9 on initial pas.age 
However, on .econd tissue culture passage inclusion body iorma.-
tion was delayed and did not persist. This is more in agreement 
with the allantoic strain. Lack. of production ot CPR on second 
ti.sue culture passage is also in agreement with the allantoic 
strain. The amniotic-11 shows a pattern that i. between a. low 
amniotic passaged virus and an allantoically adapted one. 
However, tailur. to show any evidence ot viral RNA on second 
passage cannot be explained since even a f~lly adapted virus did 
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so. A repetition of the second tissue eulture passage and eon-
tinued serial passage would provide more information on this 
point. Further studies employing a constant dose of virus 
(TCIDSO) and smaller time intervals when viral RNA becomes 
apparent would provide additional information on the gcowth 
cycle of' mumps virus. The use of cells in synchronous culture 
lIlight be advantageous in following one replication eycle of the 
virus. Traver _t al. (147) first saw fluorescing granules 18 
hra after inoculation of either chick embryo lung cells with an 
egg-adapted virus or of human conjunctival cells with a virus 
adapted to eonjunctival cells. _After 26 hrs the fluorescence 
consisted of 5 or 6 large granules which filled most of the 
eytoplasm. After this time, there was no change up to the end 
of the Observation time of 65 hr.. Inoculation of HeLa cells 
with a large inoculum of mumps virus resulted in the appearanee 
of fluoreseence after 8 hr. (77). By 16 to 24 hrs almost all 
of the cells had fluorescing granules which inereased in amount 
up to the third day at whieh time the fluorescence filled most 
of the cytoplasm. The results were similar after 5 days. How-
ever, when a smaller inoculum was used, fluorescence did not 
appear until 48 hra. By 3 days, the smaller inoculum gave re-
IlS 
sults similar to that obtained with a larger inoculum. 
All of the mumps virus strains used in this study were 
laboratory strains adapted to growth in the embryonated hen's 
egg. The ability of guinea pig heart cells to support growth 
of mumps virus on primaxy isolation is yet to be investigated. 
CHAPTER IV 
THE SUSCEPTIBILITY OF GU~ PIG HEART CELLS TO 
REPRESENTATIVE VIRUSES OF FIVE MAJOR TAIDNOMIC GROUPS 
lnt roWct ion 
• 
Tissue culture bas provided an array of techniques to study 
virus-bost cell interactions ~_v_i_t_ro_. These interactions have 
been used for i~lation and identification, replication studies, 
antigenic and structural analy ... , screening for ehemotberapeu-
tic agents, measurement of immune responses and attenuatlon of 
viruses for vaccine production. Any morphological change in 
tissue culture cell. caused by interaction with a virus is 
termed a cytopathic effect (CPE). These cellular changes can 
occur a. cellular lysis, a ballooning degeneration, a rounding 
of the cells with detachment from the glass, giant cell or syn-
cytial formation or inclusion body formation, depending upon the 
virus and cell culture employed. MUltiplication of a virus in 
a susceptible host cell -.ystem can occur with a CPR or without 
aDy microscopic evidence of cellular change.. However, CPR may 
occur without viral multiplication. In this studr, the auscap-
116 
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tibility of guinea pig heart cells to various virus.s was de-
termined, with CPR as an index of intection. The viruses em-
ployed were herpes simplex, vaccinia, rubella, adeno, Newcastle 
disease and Coxsackie A9. 
Herpes simplex virus is classitied with Herpesviruses, 
Subgroup A. It is 180-250 ~ in size, has a double+stranded DNA 
core and cubic iscohedral symmetry with an envelope. It is 
ether sensitive (160). 
Herpes simplex virus has been shown to multiply in a number 
ot tissue culture cells. Scherer (125) demonstrated multiplica-
tion ot the virus in Barle's L cells (mou.e subcutaneous ti.sue) 
Intranuclear inclusion bodies and large multinucleated cells 
were present. MaLa cell cultures support the grow1h of herpes 
simplex virus. In these cells, CPE is evidenced by cellular 
changes and production ot intranuclear inclusion bodies (127). 
Plaque formation has also been demonstrated in KeLa cell cul-
tures (32). Rabbit kidney cell. are one of the best types ot 
tissue culture cell. t~~ growth of herpes simplex virus (146). 
Plaque formation has been demonstrated in these eell. (61). 
Weinstein et al. ( 155) showed that hulUJl amnion and monkey kid ... 
ney cell cultures are susceptible to herpes siaplex with cellu-
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lar degeneration. However, it has been shown that di£ferent 
human amnion cultures vary in their degree of susceptibility 
and that this susceptibility decreases with the age of the cul-
ture (91). Human embryo kidney eells (146), BHK21 eells de-
rived from Syrian baby hamster kidney (58, 141). tissue cultures 
of rabbit corneal cells (113, 130), and a continuous line of 
rabbit kidney cells, LLC-~, (64) have also been shown to be 
susceptible to herpes siaplex virus. MUlt~lication ot the 
virus has been demonstrated in mouse mamaary tumor cells (25) 
and in cbick embryo tissue culture (142. 4). However, herpes 
simplex virus does not multiply readily in aoDkey kidney cells 
(146). Normal Chine .. hamster peritoneal cells are not sus-
ceptible to herpes .simple" virus. However, the JCH line ot 
Chine .. haqter cells develop chro1lOso1lla.l aberrations when in-
tected with this virus (45, 46, 132). Infection ot human embry ... 
oniclung eells also has been shown to produce chrollOsomal abel'. 
rations (132). The establishment of a persistent intection with 
herpes simplex in tis ... e culture has been accomplished with MaLa 
cells and with cells from an adenocarcinoma ot the lung (132). 
In vivo IlUltiplication of herpes simplex virus has been demon-
strated on the chorioallantoic _Dbrane of chick eDbryos (121, 
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22, 2, SO, 27, 131), in suckling mice, adult mice, rabbits, 
guinea pigs. hamsters, cotton rat. and one~day old chicks (137. 
132). 
Vaccinia virus is classified with the Poxvirus.s, group 1. 
It has complex symmetry witb an envelop., a particle size at 
approximately 200 x 250 mp and a double-stranded DNA core (160). 
Vaccinia is resistant to ether (111). 
Growth o£ vaceinia virus has been demonstrated in explant 
culturee o~ rabbit cornea (113, 109) as well as in rabbit cor-
nea !!!. vivo (109). Explant cultures oL minced whole chick 
emryo (113 t 33) or o£ minced chick beart (33) support growtb 
o~ tbe virus. Vaccinia virus IlUltip1ies on tbe chorioallantoic 
membrane o£ the chick embryo (38). Tyrrell (148) showed multi ... 
plication o~ the vaccinia in HeLa cells and Ryden and Randell 
(120) demonstrated growth in L cells and LLC-Mt cells (mouse 
lymphoid tissue) as well as in HeLa cells. vaccinia virus bas 
alsO been shown to agglutinate L cells (124). Other tissue 
culture cells tbat support growth ot vaccinia are bovine 
embryo J bovine kidney, muacle t tongue and skin J rabbit kidney II 
monkey kidney, human amnion, mouse lung, guinea pig lung (111) 
and ambryonic human lung (68). Fluorescent antibody studies 
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on the replication ot vaccinia virus have been made in eells 
derived ~rom human epidermoid caxcinoma of the larynx (90). 
Rubella virus may be classified in the MVxovirus group (160 
It has a particle size of 100 ... 300 DtJ as determined by Millipore 
filtration (95). It is an RNA virus (79, 21) and is sensitive 
to ether and chloroform (95, 135, 94). The eyll1Jlll8try of rubella 
virus has not been determined (160). 
Primary isolation and multiplication ot rubella virus has 
been demonstrated in primary and continuous African green monkey 
kidney cell cultures by Parkaan at ala (95). Presence 0-£ virus 
was determined by its ability to inter-Lere with the replication 
0-£ Bcho-ll virus in infected cell cultures. The titers obtained 
in primary DlOnkey kidney cultures were much greater than those 
in the continuous cultures. Rhesus monkey kidney and h\lllan 
embryonic kidney also supported replication ot rubella virus. 
However, the interference phenomenon with Echo-ll virus was 
inconsistent in these cells, so demonstration ot virus was 
accomplished by sub-inoculation into green monkev kidney eells. 
HEp-2 cells (human carcinoma of the larynx) did oot support 
growth of the virus. Primary isolation of rubella virus was 
accomplished by Veronelli et ale (151) in a continuous rhesus 
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monkey kidney line (LLC-MK2) as well as in primary and conti-
nuous grivet monkey (BS-C-!) cells. Interference with Echo-II 
virus Was employed. Sever at al. (133) utilized interference 
with Coxsackie A9 virus in intected primary African green monkey 
kidney cells or the continuous BS-C-l cell line to demonstrate 
presence or rubella virus. Primary :f.solation was was accomp-
liShed in these cells. No evidence at gro~h ot rubella virus 
was found in human enbryonic kidney, rabbit kidney, HEp-2, 
chick enbryo. KB (buman carcinoma of the nasopharynx), human 
intestine, MAF (human e~ryonic skin and muscle) or diploid 
human lung cells. Challenge of infected cells with Coxsackie 
A9 virus was found to be more sensitive than challenge with 
Echo-II virus. Growth of rubella was demonstrated by Parkman 
(94) in primary African green monkey kidney, BS-C-I. u.c .. MK2, 
rhesus embryo kidney. WI ... 26 (diploid human embryonic lung). 
rabbit kidney. human enbxyo kidney and bovine enbryo kidney 
cellse The TCIDSO was determined by subculturing in primary 
African green monkey kidney cells and challenging with Echo-II 
" virus. Gunalp (43) developed a continuous line of African 
green monkey kidney cells (Gl«. Ali-l) which showed a cytopathic 
effect when infected with rubella virus. The CPR consisted ot 
122 
a rounding or. the eells, formation of elongated orstellate oe11s 
and eventual disintegration of the cells and detaehment from 
the glass sur:face. On first Itassage of rubella virus in GMK, 
AH-1 cells, CPE occurred in 15 days. However, by the fifth pas-
sage CPS was evident by the 7th day. A plaque method for assay 
of rubella virus in primary African green monkey kidney cells 
has been developed (118). ~~assab and Verone1l! (80) suceess-
fully established a persiste-,)t in:f'er.ti.on in LLC ... MK2 cells. 
These carrier cells have been employed for detection of anti-
bodies to rubella virus in human serum by the indirect fluores-
cent antibody technique {8}. 
Mlltiplieation of rubella virus with a cytopathic effect 
has been demonstrated in primary human amnion cell cultures 
(157). However, the development of CPR is alow and few cel18 
are affected. The CPR starts with formation of oval or elongate 
cells Whieh appear refractile, then formation of amoeboid shapes 
and eventually the affected cells detach from the glass. Only 
scattered individual cells are involved. Rubella strains in 
low passage produced a CPR in~lprimary human amnion cells in 17 
to 34 days. Strains passaged more than 20 tImes sometimes pro-
duced a CPE in 5 d~ys and sometimes 90% destruction of the cell 
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monolayer occurred in 3 to 5 weeks. The virus titers in primary 
human amnion eells were low. Other cells shown to support the 
multiplication of rubella virus were FL amnion, Chang's liver, 
HeLa and human embryonic skin muscle. Multiplication was de-
termined by subinoculation in primary human amnion cells. No 
gr4Wth was obtained. in embryonic chick tissue cultures. It was 
found that continued passage of rubella virus beyond the 50th 
passage enhanced the cytopathic effect in primary human amnion 
cells with cell destruction occurring in 2 to 3 weeks (89). 
However, virus titers wer.e not increased. Rubella virus was 
shown to propagate in beef embryo cell culture by titration in 
primary human amnion cells. Interrerence with Sindbis virus 
was demonstrated in beef embryo and primary human amnion cell 
cultures inrected with rubella virus. Burnett and Alrord (9) 
compared ~he sensitivity or African green monkey kidney cells 
and primary human amnion cells for isolation of rubella virus. 
Interference with Echo-II virus in African green monkey kidney 
cells was employed and interference with Sineibis virus or CPE 
was employed in primary amnion cells. Although both cell sys-
tems were comparable ror isolation. African green monkey «idney 
eells gave earlier results. 
'I 
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A continuous line o£ rabbit kidney cells (Glaxo RK 13) has 
been shown to support multiplication o£ rubella virus with a 
cytopathic e££ect (82, 73). The CPR was initially characterized 
by irregular cell boundaries and elongated cells which covered 
large areas o£ the eell monolayer. The cells became pleomor-
phic with development of cells 3 times normal size. There was 
a decrease in cell population and finally a degeneration of the 
cell monolayer. In early passages of rubella virus in RK 13 
eells, CPR became evident in 5 to 7 days and by the tenth pas-
sage was evident by the 3rd or 4th day. CPR was also demonstra-
ted in primary human thyroid tissue culture (82). However, some 
diseased thyroid cultures were composed mainly of spindle shaped 
cells which were similar to the type of CPR occurring in these 
cells. Subcultures were made in vervet monkey kidney cells and 
RK 13 cells. Plaque formation by rubella virus has been demon-
strated in RK 13 cells (145). Another continuous rabbit kidney 
cell strain (LLC-RK1 ) has been shown to support multiplication 
of rubella virus with CPR (62, 64). Usually two or three pas .... 
sage. -in LLC-RKi cell. was sufficient to adapt a laboratory 
stratln ot rubella virus to these cells. Three blind passages 
were necessary to detect virus by CPE from clinical specimens t 
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although virus in the first passage could be detected by sub-
culturing in primary green monkey kidney cells. 
Leerh,y (74, 75) has demonstrated a cytopathic effect with 
multiplication of rubella virus in a line of rabbit corneal 
cells (SIRe). CPE usually was detectable 4 days atter inIection 
with a total degeneration of the cells by the 8th to 10th day. 
Phillips at al. (101) showed multiplication of rubella virus 
with CPE from clinical specimens in SIRe cells. It has also 
been reported that primaxy cultures of rabbit embryos support 
the growth of rubella virus with a cytopathic effect (107). 
Vaheri et ale (149) obtained a cytopathic effect with multipli-
cation of rubella virus in two cloned lines of baby hamster 
kidney (BHK 21/13 and BHK2l!WI-2). Suspension cultures of 
BHK 21 cells yielded titers of 107 •0 to 107 •5 TCDSolml. Human 
embryo cell strains have been shown to be susceptible to rubella 
virus (103). The WI~38 strain (diploid human embryonic lung) 
did not show change in cell morphology when infected with rubel-
la virus but infected cells could be transferred only 1 to 3 
times. at which point cellular division ceased. Cell strains 
derived from human embryonic lung, pituitary and kidney also 
showed inhibition of growth when infected with rubella virus. 
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Human embryonic Skin and pharyngeal mucosa cell strains were 
not inhibited and continuously produced rubella virus. These 
carrier cells ~~re found to have chromosomal breaks in S~ of 
the mitoses. Cell strains derived from thyroid, umbilicus, 
lung, bone marrow and kidney of congenitally infected infants 
were shown to be carriers of rubella virus (106). 
Adenoviruses produce a characteristic cytopathic effect in 
tissue culture consisting of a rounding and enlargement of the 
cells with formation of cell elusters (115). Rowe (116) ob-
served a CPR in human adenoid tissue grown in roller tube eul-
ture. Culture fluids from the adenoids eaused degeneration in 
fresh adenoid cultures and in human embryonie tissue and HeLa 
cells. Other tissue which showed a CPR were rabbit kidney and 
trachea, hamster trachea, lung, kid~y, skin and muscle; and 
chick embryo lung and skin. Adenovirus, types 1 and 2, produced 
a CPR and multiplied in tissue cultures of cotton rat muscle 
and trachea, although types 3 and 4 did not (117). Rhesus mon-
key kidney tissue culture supported the growth of adenovirus 
types 1 through 7 with a CPR (48). However, it was found neces-
sary to passage high doses of virus in bottle cultures to obtain 
an adaptation to these cells. The continuous rhesus monkey 
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kidney line (LLC.MK2 ) showed toxic effects from adenovirus on 
the first and second passage of the virus but there was no 
multiplication (63). Ankudas and Khoobyarian (3) obtained a 
CPE in a continuous rabbit heart line (RHF-I) with adenovirus, 
types 1. 2 and 4 but not with type 3; no multiplication occurred 
Grayston et al. (41) compared the growth of adenovirus, type 3, 
in three lines of HeLa cells plus 14 additional types of cells. 
Of the three HeLa lines, line II was found to be most sensitive 
for gro~h of the virus. The same sensitivity was shown by 
HEp-2 (human carcinoma of the larynx), conjunctiva (Chang) and 
Detroit 6 (human sternal marrow) cell cultures. J-lil (leuco-
cytes from human monocytic leukemia), heart (Girardi), intestine 
(Henle), liver (Chang), KB (human carcinoma of the nasopharynx) 
and human amnion cells showed a sensitivity similar to MeLa cell 
lines I and III. The D-189 (human foreskin) and Detroi~ 116 
(human lymphosarcoma) cells were less sensitive but still showed 
some growth of the virus. Only concentrated inocula gave evi. 
dence of gro~h in monkey kidney cells or in Detroit 98 (human 
sternal marrow) o~ M.A.F. (human embryonic skin and muscle) celb 
KB and HEp-2 cell cultures were found to be more sensitive 
than primary monkey kidney eells for isolation of adenovirus 
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~rom clinical 8,pecimeDs (150). 
Newcastle disease virus is clas.Uied with the Myxovirus4 S, 
subgroup Paramvxoviru.... It has helical symmetry and a sing e-
stranded DNA core. Tbe Dacleooapaid is surrounded by an enve -
ope. The virus bas a part iele size of 150-250 .. , a helix o~ 
15-18 ap, and i. ether sensitive (160). 
Newcastl. disease virus (NOV) Blltip11 •• readily in the 
allantoic cavity of embryonated hents eggs. It also grows in 
,. 
various cells of primary or cOI'ltiDvous culture, such as Het.a. 
aonkey kidne)'. chick eDbryo and human umiOD (55). Tyrrell 
(148) de .. strated _ltip110ation of NDV with a cytopathic 
et:tect in HeLa cells, chick emblYO cell suspension and in chiclk 
embryo liver and lUDg cells. NOV Blltiplied in embryonic hUlIlIiD 
IUll9 cells without CPS (18). Virus was titrated in eDlbryonatEjd 
809s by the allantoic rQl te. Other cell cultures shown to be 
susceptible to NDV with multiplication and cpa are KB, int.st~ De 
Cha.n9. int.stine 407 (human embryo intestine). liver-Chang, 
liver 401 (human eJlbryo liver), R line (nor_1 human liver), 
kidney .and conjunctiva-Chang, and MAF .. B (huaan eabryOllic akin 
and .. ac1e). Lung To (ltv.,... embryonic lung) and leN cell cul • 
• 
tuX'e. only allowed alight cpa when large concentrations of vin1~ 
r 
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were inoculated and this CPR was not evidenced on passage. 
However, the presence of virus was established by subculture 
in MaLa cells. A carrier line of M:N cells was developed (23). 
Coxsackie A9 virus is classified with the Picornaviruses, 
subgroup Enterovirus... This group of viruses have cubic, ico-
sabedra 1 symmetry with a single-stranded RNA core. They have 
a particle size of IS-30 ~, have no envelope and are ether 
resistant (160). 
MOst of the Coxsackie A viruses, including A9, gvow in 
human amnion cells with a cytopathic et~.ct (76). Coxsackie 
A9 multiplies with CPE in monkey and human kidney cell cultures 
(158). Some of the A type viruses grow in HeLa cells and. A2l 
can be isolated in MeLa, HEp-2, KB and primary human embryonic 
kidney cultures. Chick embryo cell cultures supported. the 
growth o£ types A2 and A4 (84). 
The susceptibility of guinea pig heart cells to representa. 
tive viruses of 5 major taxonomic groups was investigated. The 
ability of these viruses to produce a cytopathic effect with or 
without multiplication, the time necessary for an observable 
CPS and the possible requirement for adaptation to guinea pig 
heart cells are presented. 
130 
Materials and Methods 
Cell Cultures 
Cell cultures were grown and maintained .. s described in 
Chapter 2. 
Viruses 
Two atrains o£ hel'p4t8 simplex virus were eaployecl. The 
HSV/GCAJ strain, passaged in KB cells, was obta1aed from Dr. M. 
Sigel, University of Miami, Coral Gables, Florida. !he HP 
strain of heZ'pes simplex virus was obtained troll the Depart_nt 
f¥L MicZ'obiology, Presbyterian-St.. Luke' a Ho.pi tal, CbiC&90, 
Illinois. This strain was received in the lat (HR-1) and tbe 
17th Ca.l?) pasaage. in HeLa cell culture. One strain each ~ 
vacebd.&, rubella, adeno (type unknown), Coxsackie At, and 
Ne1f'Castle dise .. se virus was also obtained froll the .a. 8OuZ'oe. 
The rubella strain will be referred to here .. s PSL. The Oil-
christ strain of' rubella virus was furnished by Dr. J. Sever, 
National Instituteff of Health, Bethesda, Maryland, Adenovirus, 
type 1, strain Adenoid 71, and adenovirus, type 12, strain Huie, 
were obtained froll the A_rican Typftt- Culture Collection. 
r 1.31 
Gene~al Procedures 
Virus titrations, hematoXYlin-eosin staining, and photo-
graphy were performed as described in Chapter 3. 
Results 
The two strains of herpes simpl.ex virus employed showed a 
cytopathic effect and multiplication in guinea pig heart cell 
cultures with no adaptation requirement. The HSV/GCA3 strain, 
grown originally in KB cells, reached a titration endpoint of 
105·2/ml on first tisaueculture passage (Table 18). Eight 
serial passages yielded titers between 103.3 and 10S.7/ml. 
Herpes simplex virus that had been passaged once in MeLa. cell 
culture (flE...l) produced a titer of 103·7/ml on first tissue 
culture passage, with a range of 104. 9 to 106,2/ml through the 
fifth serial passage. This same strain in the seventeenth HeLa 
cell passage (HE-17) yielded a titer of 106.2/ml on initial 
passage in guinea pig heart cells, with a range of 10.3. 7 to 
105•7/1'111 through the fifth serial passage. Herpes simplex virus 
adapted to growth in MeLa or KB cell culture shows the ability 
to multiply equally well in guinea pig heart cells. Serial pas-
sages were made by subinoculating virus to fresh monolayer cll-
tures at 'three days postint'ection. Beginning CPR was evident 
r 
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TABLE 18 
Titers of Herpes Simplex Virus upon Serial Passage in 
Guinea Pig Heart Cells after Various Days of Infection 
«,-
Virus Tissue 
TCID50 as Measured, by Cytopathic Effect 
Strain Culture Days after Infection 
Passage 
1 2 3 4 5 6 7 
1 3.2a 4.3 5.2 5.2 5.2 5.2 5.2 
2 <.1 3.2 3.2 3.7 3.7 3.7 3.7 
3 (.1 <1 3.0 3.2 3.2 3.2 3.2 
~V/GCA3 4 2.2 3.2 4.0 4.0 4.0 4.0 4.0 
5 NR,b 3.2 3.2 4.0 4.0 4.0 4.0 
6 <1 3.3 3.3 3.3 3.3 3.3 3.3 
7 <:1 4.2 4.2 4.2 4.2 4.2 4.2 
8 3.2 NR. 4.7 NR NIt NR. 5.7 
1 NR. 3.2 3.7 3.7 3.7 3.7 3.7 
2 3.2 3.2 6.,0 6.0 6.0 6.0 6.0 
fiE. -1 3 4.2 NR 4.9 4.9 4.9 4.9 4.9 
4 3.2 6.2 6.2 6.2 6.2 6.2 6.2 
5 NR NR 5.2 5.2 5.2 5.2 5.2 
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TABLE 1.8(cont t.) 
Virus Tissue 
TOID50 as Measured ~y Cytopathic Effect 
Strain Culture Days after Infection 
Passage 
1 2 3 4 5 6 7 
1 3.2 4.7 5.2 6.0 6.2 6.2 6.2 
2 2.2 3.2 3.7 3.7 3.7 3.7 3.7 
HE-17 3 3.2 4.0 4.3 4.7 4.7 4.7 4.7 
4 NR. 4.2 4.2 4.2 4.2 4.2 4.2 
5 4.2 5.3 5.3 NR NIt NR. 5.7 
a TOID 50 log/ml 
b No Reading 
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1 to 2 days a:fter infection with herpes simpleX' virus with an 
endpoint of titration in 3 to 4 days. The cell monolayer at 
fi~st becomes granular in appearance with small areas of vacuo-
lation evident and giant cell formation (Fig_ ? a • b). The 
ePE progresses until no evidence of the normal cell remains. 
Large, irregular cytoplasmic masses with cytoplasmic strands 
are present, within which are large areas of vacuolation and 
numerous small nuclei (Fig. 7 e • d). Eventually all of the 
cytoplasmic masses lyse, leaving only cellular debris. 
A comparison of titers Obtained with herpes simplex virus 
when incubated at 20 C and 36 C is shown in Table 19. The HE .. 17 
strain produced a titer of 102·3/ml at 20 C and l06.2/ml at 36 C 
on initial tissue culture passage. However, the second and 
third passages fa.iled to show evidence of CPE at 20 C, although 
titers of 103.1 and 104· 7/Dl1 respect ively, were obtained at 36 C 
The third tissue culture passage of HE-I?, cultivated at 20 C 
for 7 days was then placed at 36 C for an additional 7 days 
incubation; no CPR was evident. However, when subcultured to 
fresh cell monolayers at 36 C a CPE was evident with a titer of 
103· 2/mll The HSV/GCA3 strain produced a titer of 102· 2/ml at 
20 C and lOS.2/ml at 36 C on initial tissue culture passage. 
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a b 
c d 
e f 
Fig. 7. Cytopathic effect of herpes simplex virus in guinea pig 
heart cell culture; (a-b) giant cell formation in infected cell 
monolayer; (c-f) advanced stages of viral infection, showing 
development of large cytoplasmic masses within which are areas 
of vacuolation and numerous small nuclei. Hematoxylin-eosin 
stain, x 100. 
136 
TABLE 19 
A Comparison of Titers of Herpes S~plex Virus upon 
Serial Passage in Guinea Pig Heart Cells at 20 0 and 36 0 
TOID50 as Measured by Cytopathic Eff ect Virus Tissue 
Strain Culture 
20 0 36 0 
Passage 
1 2 . 3a 6 . 2 
HE- 17 2 < 1 3 . 7 
3 <1 4 . 7 
1 2 . 2 5 . 2 
HSV/ GCA3 2 < 1 3.7 
3 < 1 3 . 2 
a TOlD 
50 log 10/ ml 
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Ser i al passage yielded results similar to those obtained with 
HE-17. 
Vaccinia viru s mu1tipli s ,on guinea pig heart cells to 
high titer, wi t h no a daptat ion requirement . Upon first p assage 
in guinea pig heart cells, v a cc i nia virus produced a t i ter of 
105.2/ml (Table 20). Five serial passages gave titers ranging 
from 105 • 2 to 106.2/ml. Subinoculation of fresh monolayer 
cultures was made at 1 days postinfection. Initial CPE was 
evident at one day post i nfection and the titration endpoint 
was reached in 5 to 7 day s. 
Vaccinia virus produces a ballooning degeneration in guinea 
pig he~rt cells. CPS st a rts in localized areas where the cells 
are enlarged ruld distorted, followed by cellular lysis (Fig. 8a 
& b). This gradually spreads to involve the whole cell mono .. 
layer. If any virus is present , the total cell monolayer wIll 
eventually b e invol ed i f in ubation is cont inued . Complete 
CPB shows the presence of some small rounded cells, some en .. 
larged cells and cytoplasmic stra nds although mainly cellular 
debris remains (Fig. 8c ). 
Rubella virus also multiplies with a cytopathic effect in 
guinea pig heart cells. Table 21 s h ows the titers obtained with 
TABlE 20 
Titers of Vaccinia Virus upon Serial Passage in 
Guinea Pig Heart Cells after Various Days of Infection 
Tissue 
Culture 
Passage 
1 
1 3~Oa 
2 2 . 2 
3 3 .0 
4 NRb 
5 3 . 0 
a TCID50 log/ ml 
b No Reading 
TCID50 as measured by Cytopathic Effect 
Days after Infection 
3 5 7 9 
4.2 5 . 2 5.2 NR 
4.2 5 . 4 5 . 9 6 . 2 
4.0 NR 6.2 6 . 2 
4.2 4,. 3 5 . 2 5 . 2 
4 . 2 5 . 2 5 . 2 5 . 2 
138 
.139 
a b 
c 
Fig. 8. Cytopathic effect of vaccinia· vir.us in guinea pig 
heart cell culture; (a-b) initial cytopathology showing enlarged. 
and distorted cells and beginning cellular lysis; (c) total 
cellular d.estruction 't-Tith cellular debris remaining. Hematoxylin-
eosin stain , x 100. 
I 
II 
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TABLE 21 
Titers of Rubella Virus upon Serial Passage in 
Guinea Pig Heart Cells after Various Days of Infection 
Virus Tissue 
TCIDSO as Measured by Cytopathic Effect 
Strain Culture Days after Infection 
Passage 5 6 7 8 9 10 14 21 
1 <1a <1 <1 ~1 <1 <1 <1 1.7 
2 <1 <1 <:1 <.1 <1 <1 <1 2.2 
3 <1 ~1 <1 <1 <1 <1 3.2 3.3 
4b <1 -<:1 <:1 .<1 <1 <1 1.9 1.9 PSL 
S 1.7 2.0 2.3 NRC NIl 3.3 4.3 4.3 
6 2.0 NR. NR. 3.0 3.2 3.2 3.2 NR. 
1 <1 <1 <1 <1 (1 <1 <'1 i...l 
2 <1 <1 <1 ~1 NR 2.2 2.2 2.2 
Gilchrist 3 NR. 1.7 2.2 NR NR 2.3 2.3 2.3 
4 NIl NR. 2.0 2.2 NIt 2.2 2.7 NIt 
5 (1 <1 NR NIt NIt 2.2 3.2 3.2 
6 <1 <1 <1 2.2 NR. NIl 3.2 NR 
a TCIDSO log 18/ml D Tllermal c No R.eading Inactivation 
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two strains of rubella virus upon serial passage. The PSL 
strain reached a titer of 10l.11ml on initial passage in 21 
days. The second tissue culture passage showed an increase in 
titer to 102 • 2/m} at 21 days postinfection. A titer of 103.3/mJ 
at 14 days was obtained on third passage. Although the titer 
1 9 " 
was only 10 • 1m! on fourth tissue culture pas.age. this was due 
to thermal inactivation in a 31 C waterbath prior to inoculatioD 
The fifth and sixth passages yielded titers of 104.3 and loS·2/ 
ml, respectively, in 14 days. The Gilchrist strain of rubella 
virus ~ailed to show a CPa on initial passage in guinea pig 
heart cells. However, second passage showed a titer o~ 102· 2/ml 
by day 10 which did not increase on continued incubation. The 
third and fourth passages had titers of 102. 3 and 102· 7/ml, res-
pectively, at 14 days postinfection. The fifth and sixth pas-
sages both had a titer ot lo3.2/ml after 14 days inCUbation. In 
earlier passages, the PSL strain $hawed some CPR in 12 to IS 
days. However, by the fifth serial passage in cell culture be-
ginning CPE was evident in 5 days. The endpoin1 of titration 
was reached in 14 days on the third and subsequent serial pas.a-
gas. The Gilchrist strain showed evidence of CPE at 5 to 1 days 
post infection on the second through the sixth passages. Sublno-
cutat10n was made at 21 days on first tissue culture passage, at 
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14 days OIl second passage and at 10 days on all subsequent pas-
sages. Beginning CPE is Qvidenced by localized areas of cellu-
lar destruction in the cell monolayer (Fig. 9a & b). Fig. 90 & 
d &hows a focus of infection characteristic of ~he type of cyto-
pathic effect caused by rubella virus in guinea pig heart cells. 
cytoplasmic fragmentation is evident. This type of CPE eventual 
ly extends to involve the entire cell monolayer with lower dilu-
tions of virus. A more advanced stage of CPR i. shown in Fig. 
ge while Fig. 9.f represents complete destruction of the cell 
monolayer. 
A cytopathic effect was obtained with adenovirus in guinea 
pig heart cells although no multiplication, as evidenced by CPR, 
occurred. Adenovirus, type 1, reached a maximal titer of 102.2/ 
m1 at 4 days post infect ion on initial passage (Table 22) althou~ 
some CPR was evident at 3 days. No CPR was present on the secone 
and third tissue culture passages; subinoculations were made at 
1 days post infect ion. Another adenovirus of an unknown type, 
yielded a titer of l02.2/ml at 2 days postiniection on initial 
passage. Continued incubation showed no increase in titer. 
The second and third tissue culture passages gave no evidence 
o£ a cytopathic effect. Subinoculations were made between 2 to 
M3 
a b 
e f 
Fig . 9. Cytopathic effect of rubella virus in guinea pig heart 
cell culture; (a-b ) beginning CPE; (c-d) characteristic foci of 
infection produced by rubella virus; (e) advanced stage of CPE ; 
(f) complete destruction of the cell monolayer . Hematoxylin-
eosin stain, x 100. 
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TABlE 22 
Titers of Adenovirus upon Serial Passage in 
Guinea Pig Heart Cells after Various Days of' Infection 
Virus Tissue 
Type Culture 
Typ. 1 
Type 12 
Passage 
1 
2 
3 
1 
2 
3 
1 
2 
3 
a TClD 50 log/ml 
TCIDSO as Measured by Cytopathi.c Effect 
Days after Infection 
+-------~------~-------¥------~--------~ 
1 
<.1 
<:1 
~ 1 
L.. 1 
<1 
< 1 
<"'1 
2 
<1 
<..1 
<1 
2.2 
.c::1 
..:::1 
<.1 
<'1 
<1 
3 
~1 
4.1 
<.1 
<.1 
<..1 
4 
2.2 
<1 
<'1 
2.2 
Zl 
<. 1 
<. 1 
<. 1 
4 1 
7 
2.2 
<':1 
<.1 
2.2 
<.1 
<1 
-< 1 
<1 
<..1 
b Serologically identified as an adenovirus 
r 
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4 days postin~ection. Adenovirus, type 12, produced no CPS on 
three serial passages in guinea pig heart cells. Subinoculatio~ 
were made at 14 days postl~.ction. Adenovirus caus.s a cell 
enlargement with nuclear degeneration. Cells with varied shapes 
are present throughout the infected cell monolayer (Pig. lOa, b, 
c, d). These include cells with an enlarged and densely stained 
nucleus (Pig. lOa Ie b) and ~ragaentation o~ nuclear mat.rial 
(Pig. lOe Ie d) with cytoplasmic degeneration (Pig. 104). Inclu-
sion bodies typical o~ adenovirus in~ection can be seen in Pig. 
lOe Ie f. These occur as densely stained masses surrounded by a 
halo within the cell nucleus. 
Newcastle disease virus produces a CPS similar to that 
caus.d by mumps virus in guinea pig heart cells. In~ection 
leads to total cellular lysis. Initial CPS was evident 1 day 
after i~.ction with an endpoint o~ titration in 3 days. No 
study was made ~or evidence o~ IllUltiplication. Coxsackie A9 
virus tailed to produce a c.vtopathic eftect in guiDea pig heart 
cells. 
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a b 
c 
e f 
Fig. 10. Cytopathic effect of adenovirus, type 1, in guinea pig 
heart cell culture; (a-d) infected cell monolayers showing the 
enlarged cell shapes and nuclear invohement; (e-f) presence of 
nuclear inclusions which are surrounded by a halo. Hematoxylin-
eosin stain, x 100. 
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Discussion 
The susceptibility of guinea pig heart cells to representa-
tiv. viruses of 5 major taxonomic groups has been investigated. 
Herpe. simplex, a member of the Herpesvirus group, and vaccinia, 
a member of the Poxvirus group, produced a marked cytopathic 
e:tfect resulting in a ballooning degeneration 0'£ the' cells. 
However, the cytopathology produced by the •• two viruses is dis-
tinguishable. Multiplication to high titers was obtained at 
all passage levels in guinea pig heart cells with no adaptation 
requirement. Although there are other eell line. that support 
growth of herpes simplex and vaccinia viruse., guinea pig heart 
cells show adequate and distinctive CPa, require no adaptation 
and a titration endpoint is reached in a minimal number of days. 
The low level of multiplication of herpes simplex virus or fail-
ure to grow at 20 C is in agreement with the work of Scherer 
(125). He found that growth of herpes simplex virus in L cells 
at 22 and 2S C was minimal or absent. However f in the pre.ent 
work, the development of a ePE with multiplication upon return 
to passage at 36 C showed that virus was present in the guinea 
pig heart cells. It would be o:t interest to determine i:t a 
persistent intection had been establi.hed and could be main-
tained on continued serial passage at 20 C. 
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Rubella virus, a member of the Myxovirus group, also pro-
duced CPR in guinea pig heart cells. Although development of 
CPR was absent or prolonged (12 to 15 days) in lower passages, 
CPR usually became evident at S days postintection by the fitth 
serial passage. The CPR obtained in guinea pig heart cells with 
rubella virus is quite characteristic tor the virus. The foci 
ot infection gradually extended to involve the entire cell mono-
layer with lower dilutions ot virus, making the cytopathic effec 
readily apparent.Even the initial foci produced by rubella virus 
were distinctive and probably diagnostic for rubella virus. CPR 
was slow and ditficult to detect in rabbit kidney (RK-13), pri-
mary human amnion and continuous green monkey kidney (OMK, AM-I) 
cells (101). Rabbit corneal cells, SIRC (74, 75). showed de-
tectable CPR at about the same time as guinea pig heart cells, 
with total degeneration in 8 to 10 days. The endpoint ot titra-
tion was reached in 10 to 14 days with guinea pig heart cells. 
The length of time necessary to reach a CPR titration in African 
green monkey kidney cells using interference with acho-ll or 
Coxsackie A9 virus, approximately 10 days (128, 96, 102, 101). 
Neutralization of the CPR obtained with rubella virus in guinea 
pig heart cells with known immune serum would provide a means 
149 
for positive identifieation of the virus. Neutralization of 
CPR eould also be used to aseertain the immune status of indi-
viduals. 
MUltiplieation of rubella virus oecurred in guinea pig 
heart cells with a maximum titer of 104.3/ml • The yield of 
infectious virus could possibly be increased by the use ·ot bot-
tle or roller cultures, where there is a larger availability of 
cells for multiplication instead of tube cultures. It haa pre-
viously been shown that rubella virus grows slightly better at 
33 C (62). Incubation at this temperature could also be used 
to increase the yield in guinea pig heart cells. It might prove 
advisable to passage the virus before 10 to 14 days po.tint.et-
ion since it has been shown in rabbit kidney eells (RK-13) that 
the most rapid period of virus multiplication was 1 through , 
days post infect ion. In the RK-13 system, the maximal titer was 
obtained at 5 days after which the titers gradually deereased 
(73), probably due to thermal inaetivation. The halt lite of 
rubella virus at 36-37 C has been shown to be 2 hrs and 15 min. 
(80). Since later passages of rubella virus in guinea pig heart 
cell. were made at 10 to 14 days post infect ion, the virus could 
have already been subjeet to some thermal inactivation. 
ISO 
The two strains of rubella virus employed in the present 
study required adaptation to guinea pig heart cells. However, 
both of these were established laboratory strains which had 
been passaged a number o~ times in other cell lines. Whether 
or not the adaptation requirement o~ rubella virus in guinea 
pig heart cells was due to a readapt at ion ~rom other cell lines 
or whether this is an inherent trait of rubella virus in guinea 
pig heart cells remains to be inVestigated. It would be of 
interest to emp16y guinea pig heart cells ~or primary isolation 
of rubella virus to determine if adaptation would be necessary 
under these conditions. Guinea pig heart cells might possibly 
be use~ul for the attenuation of rubella virus and the study of 
the antibody response in animals for the development of an atten 
uated rubella vaccine. 
Two of the three strains of adenovirus employed in this 
study II members of the Adenovirus group, produced a CPa in guinea 
pig heart cells although no multiplication was detected with any 
of the three strains. However, some human adenoviruses are 
known to grow with difficulty or not at all in cells of non-
human origin and all of the strains employed in this study were 
obtained irom human sources. The type 1, strain Adenoid 71, 
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originated tro. 6; ... apenslon of .&mo1d t18.8 that was obtaiJaed 
trOll a 5 year old 911'1 lUld.el'goiftg tonsil.lectollP-adeaoidactoay 
and •• :i.1I01ated In HeLa cell C\llt\u:e (111). Type 12, .'''aill 
Hule. wu obtaiDed fro. A .tool .peel_n :froll a ca .. 0'1 _apect-
eel ftOftpal'alytic polio (liS). The adenovirus, type UAkDowD ..... 
... ." kldDey cell.. they show aD ad6p'tat loa requil'e1leDt 1n 
tho .. cells (4. t (1). ""*11 at a1. (M) reported :& toxic effect 
liDe f4 .....uy ki.dney eel1. (LLC-MKa) but DO .,ltipl1catlon 
oocarl'ed. Adenovirus. types :I and 4, show a. cpa with DO _ltl-
plioa.tlOD in rabbit trachea. aa well •• tVpes 3, .. aDd 7 112 
bovine tls._ culture _d type 5 in .rabbit f'll:n:oblaa's (61). 
ftus, MaLa cell. (IN ... carciaoa Of tbe cervix) have been 
shown to be preteJ:abl.o tor growtb of adAaoviN". .lnco tbey 
euppon tbe .~h of all types (115). However, even !Mr. 
d1tferent KaLa cell 1iDe. show variation in 8Usceptib11ity. 
1'be 1tHP'-l rabbit heart liM (3) gave results aill11ar to those 
Obtatned witb guinea p£; beal'tcells. The adenoviru ... emplOY~ 
•• eept type 3. produced a cytopathic et't'eet but no _1 t1plica-
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tion occurred. Adaptation or adenovirus to guinea pig heart 
cells might be achieved by continued serial passage using the 
methods or Hartley et ale (48) for monkey kidney cells. Although 
no multiplication was obtained with the 3 strains of adenovirus 
employed, there are at least 28 antigenic types of human adeno-
viruses (lIS). This study of adenoviruse. in guinea pig heart 
cells was not complete. 
Coxsackie A9 virus (Picornavirus group ) failed to show a 
CPS in guinea pig heart cells. The group A viruses often do not 
show a CPR in tissue culture or require adaptation (158). Pri-
mate epithelial cells have been shown to support gr~h of the 
enteroviruses best (84). Wenner and Lenahan (158) have deDlOn-
strated a CPR with 14 out of 24 of the group A Coxsackie viruses 
in primate cell cultures. However, since Coxsackie A2 and A4 
viruses have been grown in chick embryo cell cultures (84), a 
non-primate cell source, it is possible that some of the Cox-
sackie A types might be adapted to growth in guinea pig heart 
cells. The other members of the Picornavirus group are yet to 
be investigated. 
In summary, representative viruses from the Herpesvirus, 
Poxvirus and Myxovirus groups produce a cytopathic effect in 
guinea pig heart cells with multiplication. The representative 
viruses employed from the Adenovirus group Showed a CPE with no 
multiplication and the virus of the Picornavirus group showed 
no cytopathic effect. The viral spectrum in guinea pig heart 
cells with development of distinct and characteric CPE will 
prove useful in the identification and titration of viruses as 
well as provide another source of cells for research. 
I 
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CHAPTER V 
GENERAL DISCUSSION 
Guinea pig heart eells, derived from a normal adult guinea 
pig. have been .in continuous culture for two years. During this 
time the fibroblastic nature of the cells has not changed. The 
cells grew more rapidly in the earlier passage levels than on 
subsequent subcultures. Continuously passaged oells (16th and 
18th tissue culture passages) showed a 3- to 4-fold increase 
in cell numbers after cultivation for 6 days. This was a very 
small inoreas. from the initial inoculum. A fibroblastic cell 
line of rat heart in the 20th tissue culture passage (143) 
showed a 6- to 7-fo14 increase after incubation for 7 days, 
while Salk's (123) continuous epithelial monkey heart line 
showed a 6- to 8-fo1d increase in 7 days. So_ cell lines. 
such as canine kidney cells (36), show as much as a loo-fold 
increase in cell number. However, eell lines vary in their rate 
of growth, especially between epithelial and fibroblastic cell 
lines. The canine kidney cell line is epithelial in character 
whereas guinea pig heart cells are fibroblast-like. The cell 
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increase of only 3- to 4-fold could be explained by the initial 
decrease in cell number observed during the first 24 hours of 
incubation (Figs~ 1 • a). Although the cells seeded in the ini-
tial inoculum were viable, a certain percentage of them still 
did not survive. The decrease in cell numbers exhibited during 
the first 24 hrs of incubation by the guinea pig heart cells in 
this study might be modified through the use of "conditioned" 
medium (medium already used to support cell growth) for seeding_ 
Khoobyrian and Palmer (70) obtained a similar growth curve 
with rabbit heart cell fibroblasts (RHF.1) with an initial drop 
in cell numbers during the first 24 hrs of incubation. The 5th 
tissue culture passage showed a decline in cell numbers atter 
8 days incubation and the 67th passage started the decline phase 
after 7 days. Guinea pig heart cell fibroblasts exhibited a 
decline in numbers after 6 days of incubation with cells in 
either the 16th or 18th tissue culture passages. Addition of 
tresh medium after incubation for 6 days of cells in the 18th 
passage did not prolong the growth phase. A medium renewal was 
made only 4 days after seeding the cells in the 16th passage. 
The eells were maintained in the log phase for ane day from the 
2nd to the 3rd day atter seeding_ Cells in the 18th tissue 
r 
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culture passage, with a medium renewal after 3 days, were main-
tained in the log phase for 3 days from the 2nd through the 5th 
day after seeding_ These data indicate that a medium renewal 
3 days after seeding o~ guinea pig heart cells is more advanta-
geous than a renewal after 4 days. 
The slow rate of growth and low cell increase is a charac-
teristic feature of guinea pig heart cells. However, even a 
very small inoculum of only 30,000 cells ~er milliliter will 
form a monolayer in 1 days. Therefore, the necessity tor a 
large cell yield for normal tasue culture usage is not as great. 
In those instances where large quantities of cells would be re-
quired for studies involving isolation of enzymes, cell membranel 
ribosomes, etc., growth of the cells in suspension culture could 
be attempted. It has been Shown that HeLa cells can reach a 
yield of 101 cells per milliliter (88) when grown in suspension 
culture. Monkey kidney cells have been shown to au1tiply loga-
rithmically in suspension culture (40) and L cells bave also 
been grown in suspension (28). The ability of guinea pig heart 
cells to multiply in suspension culture has not been determined. 
An attempt to do so would require a determination of the proper 
medium, rate of agitation, and possible control of pH by the use 
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of CO2 gas. 
Although an incubation period of 7 days is required for 
formation of a monolayer from an inoculum size of 30,000 cells 
per milliliter, the rate of formation of the monolayer can be 
controlled by the inoculum size. The seeding with an inoculum 
of 100,000 cells per milliliter will give a monolayer in only 
1 to 2 days. 
The best growth or guinea pig heart cells was obtained 
when a medium composed of 6% MEM in Hanks' balanced salt solu ... 
tion supplemented with l~ fetal calf serum was used. Cells 
grown on the same medium supplemented with 10J' equine serum 
gave a lower cell yield (Table 4). However. the high viability 
(9l-9~) of cells seeded on equine serum suggests the possibi-
lity that guinea pig heart cells could be adapted to equine 
serum for growth or maintenance. Some linesnof HeLa cells have 
been adapted to equine serum (98). 
Guinea pig heart cells failed to grow on medium 199 supple-
mented with l~ fetal calf serum. Salk (123) reported that a 
monkey heart cell line, which was epithelial in character, grew 
on medium 199 supple_nted with 10Jl' calf serum. The fibroblas-
tie rabbit heart line of Khoob~ian and Palmer (70) was suecess-
fully grown' onmedium 199 supplemented with 10J5 calf serum and 
r 
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0.1% lactalbumin hydrolysate, while Friedman et al. (35) em-
ployed lactalbumin hydrolysate in a 0.5% concentration in Barle~ 
balanced salt solution plus S% calf serum for growth of guinea 
pig heart cells in primary cul~ure. However, the addition of 
lactalbumin hydrolysate to growth medium for guinea pig heart 
cells in continuous culture was not investigated in the present 
study. Another rabbit heart line (99) designated T-IO, was 
grown on 0.5% lactalbumin hydrolysate in Hanks' balanced salt 
solution plus 131 rabbit serum but was maintained on medium 199 
supplemented with 5% equine serum. Although guinea pig heart 
cells did not grow on medium 199, it is possible that they could 
be maintained on this medium, as was the T-IO rabbit line. 
A medium composed of 60}5 SCherer's maintenance medium. 30% 
medium 199 and 10% fetal calf' serum (FCloMS6019930) failed to 
support growth of guinea pig heart cells. The human heart cell 
line of Girardi et al. (37) was grown on basal medium of Eagle 
in Earle's balanced salt solution containing 20% human serum 
but were maintained on 65'1 Scherer's maintenance solution plus 
30)1 medium 199 plus 2 to .595 horse or chicken serum. However, 
this cell line is epithelial in character. The possibility of 
maintaining guinea pig heart cells on FCloMS6019930 was not 
investigated. 
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The concentration of fetal calf serum required for growth 
and maintenance of guinea pig heart cells -... determined (Tables 
.. and 5). A concentration of l~ fetal calf serum was nece.sary 
for consistent growth t althougb eells grown on 101 fetal calf 
can be maintained for long period. of time on a medium supple-
mented wi tb only " 1'etal calf serum. A 2% serum concentrat ion 
will maintain the cells for only a short period of time and the 
cells cannot be maintained at allan a medium devoid of serum. 
Jl'or experiments that require long observation periods, it is 
necessary to be able to maintain the cell cultures with lower 
.erum concentrations (2-1.1) than those employed for growth. 
This can be accomplished with guinea pig heart cells using !R 
serum for long periods of observation but with ~ serum tor only 
short observation periods up to 14 days. 
At times it is necessary to use a lower serum concentration 
when the cells are being used 1'01' the growth and titration of 
viruses since it has been shown that various sera contain non-
specific inhibitor. of viruses (34). " Gunalp (43) found that a 
concentration of fetal calf serum over ~ suppr.ssed the cyto-
pathic effect caused by rubella virus in a line ot' green monkey 
kidney cells (GMK. AH ... l) and that a 295 concentration of serum 
r 
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was most satisfactory. For the production o~ live virus vac-
cines the virus preparation must be harvested from cells on a 
medium devoid of serum according to the standards of the United. 
States Department of Health. EdUcation and Welfare (162). An 
attenuated rubella virus vaccine was prepared by inoculating 
virus in green monkey kidney cells on a medium containing ~ 
fetal calf serum. However, before the virus was harvested, the 
cells were washed three times with Hanks' balanced salt solu-
tion and a medium containing no serum was added (8S). An atten-
uated mumps virus vaccine was prepared in chick embryo cell c»l-
tures, maintained on a medium devoid of serum (13). Smorodint-
sev at al. (138) also produced a live mumps virus vaccine in 
chica embryo cell cultures. Betore the period tor harvesting 
the virus the cells were wa$hed two or:.,'three times with Hanks' 
balanced salt solut ion and a medium devoid ot serum was the.n 
added. In the present study it has been shown that guinea pig 
heart cells cannot be maintained for even abort periods of time 
on serum-t'ree medium (Table 5). However, the only _dium tested 
for maintenance of the cells was 6% MEN in Hanks' balanced salt 
solution. Until other media are tested t'or maintenance, the 
possible use ot' guinea pig heart cells tor vaccine production 
cannot be eliminated. 
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Storage of guinea pig heart cells was accomplished both at 
36 C and in the frozen state. One or both o~ these methods of 
storage would meet the requirements and facilities of any labo-
ratory. A laboratory with freezing facilities might find it 
advantageous to use both methods. Guinea pig heart cells stored 
at 36 C for one year showed a higher viability (6.1-77%) than 
cells frozen in liquid nitrogen for 6 months (16-3~) and pro-
duced a greater cell increase (Tables 7 and 10). Storage at 
36 C provides a source of cells for immediate growth with high 
cell yields. Storage in liquid nitrogen also provided a source 
of cells but requires more time to build up a usable cell stock. 
However. storage of frozen cells requires no time for medium 
renewals and there is no risk of contamination. Each o£ the two 
storage methods bas advantages and disadvantages. Although the 
average viability ot cells frozen for 6 months was only 25.~. 
it is not necessary for a large number of cells to survive the 
freezing and thawing process. The only necessity is that enough 
cells survive to produce an actively growing cell culture. In 
addition to the advantage of being able to store gui.nea pig 
heart cells at 36 C for a source of cells, maintenance of the 
cells at this tem.perature for long periods ot time makes possi-
ble long-term metabolic and viral studies. 
,1,1 
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It has not been determined whether guinea pig heart cells 
in continuous cultivation undergo a change in their normal di-
ploid chromosome number. Cells in the 24th tissue culture pas-
sage still have the normal chromosome complement of the guinea 
pig (Table 6). Transformation is sometimes reflected in a cell 
line by a change in cell morph<:b;w or growth ra.te. Al though 
guinea pig heart cells have not a.s yet shown changes in their 
fibroblastic morphology. there has been a marked decrease in 
the growth rate of the cells between the 26th and 30th tissue 
culture passages. Whether this reflects a change in the karyo-
type is rresently under inVestigation. 
The susceptibility of guinea pig heart cells to mumps virus 
was studied for evidence of cytopathic effect and viral l'IlUlti-
plication. Three strains of mumps virus at different levels of 
passa.ge in the amniotic cavity and one strain adapted to the al~ 
antoic cavity of embryonated hen t s eg9s were employed. All 
strains of mumps virus employed, irrespective of their passage 
history in eggs, showed a cytopathic effect with initia.l intee-
tion which consisted of rounding and eventual lysis of the cells 
Cell lysis was observable with the amniotic strains in 3 to 4 
days following infection while lysis was observed in 4 to 7 days 
with the allantoic strain. Endpoints of titration were rea.ched 
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by 7 to 9 da.ys regardless of the;' passage level in e9gs. Hemad ... 
sorption endpoint determinations were the same as, or no more 
than, 2 logs higher than those determined by CPR (Tables 12 Be 13 
Mumps virus multiplication was studied by serial passage of 
virus in guinea pi9 heart cells. Early amniotic passage levels 
of mumps virus multiplied as evidenceJby CPS and hemadsorption 
titers. Later amniotic passage levels (14th and 16th) showed 
some titer by hemadsorption b~t the 17th amniotic passage and 
the allantoic gave no evidenee of multiplication as measured 
either by CPR or hemadsorption. This indicates that attenutaton 
of mumps virus occurred at about the 17th amniotic passage in 
embryonated hen's eggs which is in agreement with the .work of 
Buynak and Hilleman (13). Thus, guinea pig heart cells could 
be used as an index for the degree of attenuation of mumps virus 
strains. One aspect of these findings that could be pursued 
further is the infectivity of mump.s virus for embryonated hen t • 
eggs after serial passage in guinea pig heart cells. Mumps 
virus passaged seven times in guinea pig heart cells was still 
infectious for eggs. However, the virus might lose this infect-
ivity upon higher tissue culture passages. Further study would 
indicate if mumps virus between the 14th to 17th tissue culture 
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passages shows an attenuation for growth in eggs as virus in 
the 14th to 17th amniotic passages does for tissue culture. 
Mumps virus was not detectable by CPR or hemadsorption in 
guinea pig heart cells with late amniotic or allantoic passaged 
virus. However. the allantoically adapted virus was detectable 
by the acridine orange staining technique even uf;,er four tissue 
culture passages. Additional information may be obtained by 
passaging mumps virus in various stages of attenuation for the 
embryonated hen'. egg in guinea pig heart cells and test for the 
presence of virus by acridine orange staining in parallel with 
the interference method with vesicular stomatitis virus in M:N 
cells (24). The use of synchronously growing guinea pig heart 
cell cultures, as accomplished with HeLa cells (100), would 
provide another method of studying the replication cycle of 
mumps virus. The cells would be in the same stage of growth 
and provide a more uniform population for tbe study of the sus-
ceptibility of guinea pig heart cells to mumps virus. 
The use of guinea pig heart cells for primary isolation of 
mumps virus is yet to be investigated. It is likely, from the 
data obtained, that mumps virus could be isolated in guinea pig 
heart cells from clinical specimens. There is a possibility 
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tha t mumps virus strains not adapted to the emryonated hen t s 
egg or to other tissue culture cells will multiply better in 
guinea pig heart cells. Henle and Deinhardt (51) obtained a 
higher number ox iSOlations o~ mumps virus in HaLa cell cultures 
trom the saliva o£ patients with parotitis than in embryonated 
hen' s eggs. 
In addition to mumps virus, the susceptibility of guinea 
pig heart cells to other viruses was investigated. Viruses 
studied included Newcastle disease, rubella, herpes simplex, 
vaccinia, adeno and Coxsackie. These represent.ative viruses 
cover five major taxonomic groups' Myxovirus, Herpesvirus, 
Poxvirus, Picornavirus and Adenovirus. Newcastle disease virus 
$howed cell destruction similar to that caused by wmps. Rubel-
la produced a cytopathic effect that was similar in some ways 
to that ot mumps but was still distinctive enough to be charac-
teristic for rubella infection in guinea pig heart cells. Adeno-
virus produced a cell enlargement with nuclear involvement while 
herpes simplex and vaccinia showed a ballooning degeneration. 
Coxsackie A9 virus produced no ePEe 
Initial CPE waS evident 1 to 2 days after infection with 
Newcastle disease, herpes simplex and adenovirus with a titra-
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tion endpoint in 2 to 3 days. Vaccinia had an initial CPR in 1 
day with a maximum titer in 5 days. One strain of rubella virus 
caused some CPE in 12 to 15 days in earlier passages but by the 
5th serial passage in cell culture showed CPR in 5 days with a 
maximum titer in 14 days. A second strain of rubella virus 
showed evidence of CPS S to 7 days postintection on the 2nd 
through the 6th tissue culture passages with a titration end-
point in 10 to 14 days. 
The production ot a distinct and characteristic CPR by ru-
bella virus in guinea pig heart cells sould make this cell line 
usetul in rubella virus research. It has recently been shown 
that tissue culture t1uids harvested trom baby hamster kidney 
cell cultures (BHK, WI-2) infected with rubella virus showed a 
hemagglutinating activity (140, 59). Red blood cells from one-
day old chicks and from adult goose and sheep were agglutinated 
but red cells trom adult chicken, guinea pig and human Type 0 
were not (140). Although hemagglutinin activity was obtained 
trom BHK cells, no activity was found with WI-38, as-C-l, pri-
mary human embryonic kidney and primary hamster embryo or kidney 
cell cultures infected with rubella virus (59). No elution of 
the hemagglutinin occurred with chick red blood cells. When 
chick red blood cells were treated with reeeptor destroying 
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enzyme or mumps virus. hemagglutination still occurred with 
rubella hemagglutinin (56). Hassan and Cochran (49) have shown 
that rubella virus is adsorbed by tanned adult chicken red blood 
cells and are agglutinated by antibody to rubella. A study of 
guinea pig heart cells infected with rubella virus could be made 
to determine whether there is production of rubella hemagglutin-
in from infected cell cultures.. The cells could be useful for 
hemagglutination-inhibition tests to determine the immune status 
of individuals. It appears haat hemagglutinin-inhibiting anti· 
body persists for years in immune individuals in'ithe same way 
that neutralizing antibody does (140). Another possible study 
of rubella virus in guinea pig heart cells is the determination 
of rubella ultrastructure. Kim and Boatman (12) studied monkey 
kidney cells (LLC-MK:2) imected witht'rubella virus by electron 
microscopy. Although they observed structures within the cyto-
plasm (annulate lamellae, crystal lattices, large inclusions) 
no virus particles were seen. The usefulness of guinea pig 
heart cells for ultrastructural study of rubella virus would 
have to be determined. 
It has been demonstrated that representative viruses from 
the MWxovirus, Herpesvirus and Poxvirus groups multiply in gui-
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nea pig heart cells with a cytopathic effect. In addition, 
J. Waner (Personal Communication) has demonstrated in these 
cells the multiplication with a cytopathic effect of Sindbis 
virus, a member of the Arbovirus group. Thus, representative 
viruses from four major taxonomic groups show multiplication 
with a CPR. Of the two other taxonomic groups studied, viruses 
from the Adenovirus group showed a CPR with no multiplication 
and a member of the Picorna group showed no CPR or mu1tiplica-
tion as evidenced by CPR. The viruses that showed no multipli ... 
cation could be studied by parallel titration and subculturing 
in known susceptible cell cultures to determine whether there 
is multiplication without cellular destruction. Taxonomic 
groups yet to be investigated are the Reovirus and Papava groups 
Guinea pig heart cells will prove useful for the identification 
and titration of a number of viruses. A study of the usefulness 
of guinea pig heart cells for primary isolation in viral disease 
9t ates is appl:i.cable. 
I!.,. 
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CHAPTER VI 
SUMMARY 
1. Guinea pig heart cells, derived from a normal adult guinea 
pig, have been in continuous cultivation for two years and have 
shown no alteration in their original morphology. 
2. Guinea pig heart eells grew in a medium composed of ~ MEN 
in Hanks' balanced salt £olution supplemented with 101 fetal 
calf serum and showed some growth on the same medium supplement-
ed with 1015 equine serum. No growth occurred in medium 199 plus 
109& fetal calt' serum or in a medium composed of 60J£ SOberer's 
maintenance medium, 30l'i medium 199 and lQl fetal calf serum. 
A fetal calf serum concentration o£ • supported some growth of 
the cells but a 2% concentration did not. A medium devoid of 
serum also did not support growth of the cells. 
3. Guinea pig heart cells were maintained at 36 C for periods 
up to one year on a medium containing 511 fetal cal:! serum. Cells 
stored without transfer for one year ware 65 to 77. viable when 
the medium was renewed at one week intervals. Storage under 
these conditions provide a source of cells for immediate use 
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with high cell yields. Cells stored at 36 C with medium renew-
als at one month intervals did not maintain as well as the cells 
that had medium renewals at one week intervals. After 6 months 
of storage the cells would not grow on serial trans~er and ~ter 
9 months the cells completely lysed on transfer ~rom the origi-
nal culture. Guinea pig heart cells maintained only up to 14 
days on a medium containing ~ ~eta.l cal~ sel'Um. The cell. 
could not be mainta.ined on a medium in the absence o~ a. serum 
complement. 
4. Guinea pig heart cells aurvivedstorage in liquid nitrogen 
~or 6 months with viabilities o~ l6-~. 
5. Continuously passaged cells showed a 3- to 4-~old increase 
in eell numbers after 6 days incubation. 
6. Cells in the 24th passage still had the normal chromosome 
complement o:t the guinea pig. The karyotype consisted ~ 4 
pairs o:t submetacentric chromosomes. 8 pairs o:t telocentric 
chromosome., 19 pairs of acrocentric: chromosome_ and the X and Y 
sex chromosomes" 
1. M.amps. herpes aimplex, vaccinia and rubella viru sea DIJl t i-
plied in guinea pig heart c:ell. with a cytopathic: e~:teet (CPE). 
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Adenovirus Showed a CPE with no multiplication and Coxsackie 
A9 virus showed no CPE or multiplication as evidenced by CPR. 
I I 
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